
CHAPTER 7.- 

7.1 General 7.2.2 Pager Phones 

Prevent ive  maintenance p r a c t i c e s  
a r e  l i s t e d  i n  t h e  manufacturers '  i n s t r u c -  
t i o n  books. In  gene ra l ,  equipment t h a t  
r e q u i r e s  f r equen t  and ex t ens ive  preven- 
t i v e  maintenance is  gene ra l l y  t h e  most 
c o s t l y .  The manpower spen t  on these  f r e -  
quent  t r i p s  t o  remote a r e a s  is such t h a t  
i t  is  usua l ly  b e t t e r  t o  i n v e s t  i n  a more 
c o s t l y  system which r e q u i r e s  l i t t l e  pre- 
ven t ive  maintenance. The b e s t  p revent ive  
maintenance f o r  t h e  system is  a good 
i n s  t a l l a t i o n .  

7.2 Prevent ive  Maintenance and 
In spec t ions  

With any system, p e r i o d i c  i n spec t ion  
i s  requi red  because of t h e  co r ros ive  a t -  
mosphere and adverse  cond i t i ons  t h a t  ex- 
i s t  i n  underground mines. These inspec- 
t i o n s  can spo t  p o t e n t i a l  t r oub le  i n  t h e  
system. Repair o r  replacement a t  t h a t  
t i m e  a v e r t s  t h e  p o s s i b i l i t y  of l o s i n g  e f -  
f e c t i v e n e s s  of a l l  o r  p a r t  of t h e  system. 

7.2.1 Cables 

Approximately once per  month a l l  ca- 
b l e s  i n  t h e  communications system should 
be  inspec ted  f o r  k ink ing ,  chaf ing ,  crack- 
i n g ,  wear, s t r e t c h i n g ,  o r  o t h e r  s i g n s  
of phys i ca l  abuse. P a r t i c u l a r  a t t e n t i o n  
should be paid t o  cab l e  glands a t  t h e  en- 
t r y  o r  e x i t  p o i n t s  t o  t h e  var ious  u n i t s  
i n  t h e  system, where t h e  cab l e  goes 
around sha rp  co rne r s ,  i n  t h e  v i c i n i t y  of 
ho ld ing  c l e a t s  which may be clamping t h e  
c a b l e  t oo  t i g h t l y  causing p o t e n t i a l  dam- 
age ,  and ac ros s  t h e  areas where t h e  cab l e  
i s  exposed t o  phys i ca l  damage from out- 
s i d e  sources ,  such as equipment o r  f a l l -  
i n g  ob j ec t s .  I f  a cab l e  is damaged, it 
should be rep laced  as soon a s  poss ib le .  

It is  mandatory t h a t  t h e  ground 
l e a d s  and connect ions t o  c a r r i e r  c u r r e n t  
phones be thoroughly inspec ted  and main- 
t a i n e d  i n  good cond i t i on ,  s i n c e  consider-  
a b l e  hazard may e x i s t  t o  t h e  ope ra to r  
o r  equipment i f  a ground connect ion is 
broken. 

The most r e a d i l y  a v a i l a b l e  t e s t  s e t  
t o  determine i f  a pager te lephone is  
ope ra t i ng  c o r r e c t l y  is t h e  pager phone 
i tse1.f .  The fol lowing phys i ca l  check of 
t h e  slystem can be performed a t  any phone 
s ta t i -on .  

7.2.2!a L i s t en  C i r c u i t  

Remove t h e  handset from i t s  c r a d l e  
and l i s t e n  t o  determine i f  t h e  c i r c u i t  is 
f unctlional , a s  i nd i ca t ed  by t h e  presence 
of no i se  o r  conversa t ion  on t h e  l i n e .  I f  
no no i se  o r  vo ice  s i g n a l s  a r e  p re sen t  a t  
t h e  handset  r e c e i v e r ,  t ake  t h e  fol lowing 
c o r r e c t i v e  ac t i on :  

1. Operate t h e  handset  press-to- 
t a l k  swi tch  s e v e r a l  t i m e s .  Any co r ros ion  
on t h e  con tac t s  of t h i s  swi tch  may cause 
a r e c e i v e r  t o  be temporar i ly  inopera- 
t i v e .  Repeated ope ra t i on  may c l e a r  t h e  
condi t ion.  

2. ' Open t h e  cab ine t  and s e e  i f  t h e  
b a t t e r y  cab l e s  a r e  properly connected and 
a r e  making f i r m  contac t .  Check t h e  hand- 
set cab l e  and i t s  connect ions i n  t h e  cab- 
i n e t  of t h e  pager phone, and s e e  i f  t h e r e  
i s  any evidence of a break i n  t h e  cab l e ,  
corroded c o n t a c t s ,  o r  poor connections.  

3. Remove t h e  handset r e c e i v e r  ear-  
p i ece  by unscrewing it counterclockwise 
( t o  t h e  l e f t )  , and remove t h e  r e c e i v e r  
from t h e  socket .  Examine t h e  handset 
c a v i t y ;  i n  some u n i t s ,  a pa tch  of co t ton  
b a t t i n g  o r  f l o s s  is used a s  a b a r r i e r  t o  
reduce a c o u s t i c  feedback i n  t h e  handset.  
I f  t h e  co t ton  pa tch  has  absorbed mois- 
t u r e , ,  remove it and r ep l ace  wi th  a 
crumpled b a l l  of s o f t  rubber ,  s t u f f e d  
j u s t  f a r  enough i n t o  t h e  handset  s o  it 
w i l l  no t  touch t h e  r e c e i v e r  o r  switch 
t e d - n a l s .  

7.2.2b Page C i r c u i t  and Talk C i r c u i t  

Push t h e  page swi tch ,  squeeze t he  
handset  press- to- ta lk  swi tch ,  and c a l l  
any o t h e r  phone. Release t h e  page swi tch  



and l i s t e n  f o r  a  rep ly .  I f  t he  back- 
ground n o i s e  is  too  h igh ,  o r  i f  t h e  re- 
ce ived  s i g n a l  i s  e i t h e r  too  weak o r  t oo  
ga rb l ed  t o  be unders tood,  then r e p a i r s  
should be i n i t i a t e d  t o  improve t h a t  par- 
t i c u l a r  te lephone.  The phone should be 
r ep l aced  by an operab le  u n i t  and r epa i r ed  
by q u a l i f i e d  personnel ,  Ask t h e  answer- 
i n g  p a r t y  i f  t h e  paging s i g n a l  could be 
unders tood,  and a l s o  check t he  q u a l i t y  of 
your rece ived  s i g n a l ,  Have t h e  o t h e r  
p a r t y  page you t o  v e r i f y  t h a t  your speak- 
e r  works. Some of t h e  most common prob- 
lems w i t h  t h e  pager phone system t h a t  can 
be  remedied by good i n s t a l l a t i o n  and 
maintenance p r a c t i c s  a r e :  very low voice  
l e v e l s  and very high no i se  l e v e l s .  

Of ten ,  t h e  sources  of t h e s e  problems 
are-- 

1. Poor placement of t h e  phone l i n e  
( n e a r  r e c t i f i e r s ,  motors,  e t c . ) .  

2. Using t oo  l i g h t  a  gage phone 
1 i n e  . 

3. Using t h e  wrong kind of wi re  f o r  
t h e  phone l i n e ,  The l i n e  should be of 
t h e  tw i s t ed  two-wire type. Nontwisted 
l i n e  of any gage is  no t  acceptable .  It 
i s  t h e  t w i s t  t h a t  provides  a  g r e a t  d e a l  
of  n o i s e  immunity. 

4, Poorly made s p l i c e s .  These 
cause  h igh  r e s i s t a n c e  and leaky j o i n t s  i n  
t h e  l i n e  t h a t  lower t h e  s i g n a l  and in-  
c r e a s e  t h e  no ise .  (Note t h a t  t h e  phone 
systems always a r e  worst  i n  t h e  summer 
months. This  is  because t h e  h igh  humid- 
i t y  is  a f f e c t i n g  t h e  s p l i c e s . )  

7.2,Zc General Comments 

I f  any of t h e  s i g n a l s  is  e r r a t i c ,  
low i n  s i g n a l  l e v e l ,  has excep t iona l l y  
h igh  n o i s e  l e v e l s ,  o r  i s  u n i n t e l l i g i b l e ,  
check whether o t h e r  phones i n  t h e  system 
a r e  having s i m i l a r  problems. I f  n o t ,  re-  
p l a c e  t h e  d e f e c t i v e  phone w i th  a  good 
one. I f  t h e  o t h e r  phones a r e  no t  opera t -  
i n g  p rope r ly ,  i t  i s  pos s ib l e  t h a t  t h e  
problem is  i n  t h e  l i n e .  A cab l e  may be 
s h o r t - c i r c u i t e d ,  improperly s p l i c e d ,  o r  
running too  c l o s e  t o  noise-producing 
power o r  t r o l l e y  l i n e s .  Such cond i t i ons  
should be co r r ec t ed .  

I n  t h e  environment of underground 
mines,  swi tch  con t ac t s  a r e  p a r t i c u l a r l y  
s u s c e p t i b l e  t o  e r r a t i c  ope ra t i on  because 
of co r ro s ion  o r  ox ida t i on  of t h e  switch- 
i n g  con t ac t s .  This is  p a r t i c u l a r l y  t r u e  
of c o n t a c t s  t h a t  a r e  used i n f r equen t ly .  
Repeated ope ra t i on  of each of t he  
swi tches  i n  t h e  te lephone may a i d  i n  
c l e a r i n g  some of t he  co r ro s ion  and ' 

r e s t o r i n g  t h e  phone t o  more r e l i a b l e  
ope ra t i ng  condi t ion.  Cleaning i n d i v i d u a l  
c o n t a c t s  should not  be a t tempted w i th  a  
phone i n  s e r v i c e ;  i t  should only be done 
by t r a i n e d  o r  exper ienced r e p a i r  person- 
n e l ,  who have approved burn ish ing  t o o l s  
s p e c i f i c a l l y  designed f o r  use  on swi tch  
con t ac t s .  

7,2.2d Bat te ry  Condition 

The b a t t e r y  cond i t i on  of a  pager 
phone can be approximately checked by 
pushing t h e  page bu t ton  and c a l l i n g  some 
o t h e r  phone t o  determine whether o r  not  
t h e  paging s i g n a l  is  s u f f i c i e n t l y  s t rong  
t o  ene rg i ze  a l l  r e l a y s  w i th in  t h e  system, 
Of p a r t i c u l a r  importance is  whether o r  
no t  t h e  b a t t e r y  has s u f f i c i e n t  vo l t age  t o  
ene rg i ze  t h e  paging r e l a y  of t h e  t e l e -  
phone f a r t h e s t  from t h e  phone being 
t e s t e d .  Therefore ,  one of t h e  most d i s -  
t a n t  phones should be ca l l ed .  B a t t e r i e s  
can a l s o  be checked wi th  a  vo l tmete r  t o  
judge i f  they a r e  near  t h e  end of t h e i r  
l i f e  o r  i n  a  marginal s t a t e .  There a r e  
s e v e r a l  methods of measuring t h e  ava i l -  
a b l e  b a t t e r y  vo l t age  a s  noted i n  t h e  fo l -  
lowing s ec t i on .  

7.2.2e Bat te ry  Tes t ing  

Most pager phones a r e  powered by one 
o r  two 12-volt b a t t e r i e s  of t h e  NEDA 923 
o r  926 d r y c e l l  type. These a r e  12-vol t ,  
metal-cased b a t t e r i e s  t h a t  measure 2-314 
inches  wide, 5-114 inches  long ,  and 4-318 
inches  high. The d i f f e r e n c e  between t h e  
two types  is  t h a t  t h e  926 has two screw 
t e rmina l s  f o r  l ead  attachment and t h e  923 
has  a  two-prong connector system f o r  l e ad  
attachment.  For those phones us ing  a  
24-volt system, two b a t t e r i e s  a r e  
connected i n  a  s e r i e s .  I n  cons ide ra t i on  
of i n t r i n s i c  s a f e t y ,  i t  is  common t o  f i n d  
some means of cu r r en t  l i m i t i n g ,  such a s  a  
50- t o  100-ohm r e s i s t o r  and a  f u s e  i n  se- 
r i e s  wi th  t h e  b a t t e r y  system, t o  l i m i t  



t h e  maximum c u r r e n t  flow. B a t t e r i e s  a r e  
approaching t h e  end of t h e i r  u se fu l  l i f e  
i n  a  system when t h e  a v a i l a b l e  vo l tage  a t  
t h e  te rmina ls  has  dropped 25% from t h e  
r a t e d  va lue  measured under load condi- 
t i o n s .  I n  a  12-volt system, t h i s  is ap- 
proximately 8 t o  9 v o l t s ;  i n  a  24-volt 
system, i t  is 16 t o  18 v o l t s .  

Measurement of t h e  b a t t e r y  vo l tage  
can be made by connect ing a  dc vo l tmeter  
ac ros s  t h e  b a t t e r y  t e rmina l s ,  p r e s s ing  
t h e  page swi tch ,  and read ing  t h e  b a t t e r y  
vo l tage .  Measurement of b a t t e r y  vo l tage  
on t h e  l i n e  w i l l  no t  g ive  a  t r u e  measure 
of  t he  b a t t e r y  condi t ion ,  because of 
t h e  added vol tage  drop i n  t h e  cur ren t -  
l i m i t i n g  r e s i s t o r .  

Remember t h a t  i t  is  u s e l e s s  t o  mea- 
s u r e  t h e  ou tput  of a  b a t t e r y  no t  under 
load.  Under t h e s e  cond i t i ons ,  even t h e  
poo re s t  b a t t e r y  w i l l  s t i l l  maintain i t s  
r a t e d  te rmina l  vol tage.  

It is not  always p r a c t i c a l  t o  c a r r y  
a  vo l tmeter  i n t o  a l l  s e c t i o n s  of a  mine, 
and checking a  b a t t e r y  r e q u i r e s  t h a t  t h e  
phone enc losure  be opened. The fol lowing 
scheme can minimize such d i f f i c u l t i e s .  

A vo l tmeter  can be permanently in- 
s t a l l e d  a t  some convenient l o c a t i o n  
aboveground, such a s  i n  a  r e p a i r  o r  main- 
tenance shop. l The meter is connected 
a c r o s s  t h e  l i n e  s o  t h a t  i t  cont inuously 
i n d i c a t e s  any dc vo l t age  on t h e  l i n e .  A 
l i s t i n g  of vo l t age  readings is made from 
each  remote phone a t  t h i s  r e f e r ence  sta- 
t i o n ,  when t h e  i n d i v i d u a l  phones a r e  pag- 
i n g  wi th  new b a t t e r i e s  i n s t a l l e d .  A 
c h a r t  is then  made of t h e  al lowable re- 
duc t ion  i n  vo l t age  f o r  each phone by es- 
t ima t ing  a  20% t o  25% reduc t ion  from t h e  
new b a t t e r y  condi t ion.  Reference t o  t h i s  
c h a r t  can g ive  advance warning of t h e  
approximate cond i t i on  of each b a t t e r y  
and w i l l  provide guidance f o r  planned 
prelacement.  A p e r i o d i c  check can be 
made of each phone by r eques t i ng  a  page 
from each of t h e  phones and maintaining a  

  his could v i o l a t e  MSHA i n t r i n s i c  
s a f e t y  s tandards;  check with MSHA f o r  ap- 
p l i c a t i o n  d e t a i l s .  

l o g  of t h e  vo l tage  readings.  This w i l l  
a s s i s t  i n  maintaining an up-to-date s t a -  
t u s  of t h e  b a t t e r y  condi t ion  a t  ind iv id-  
u a l  phones. This procedure w i l l  remain 
v a l i d  a s  long a s  t h e  phone system is 
configured a s  i t  was when t h e  o r i g i n a l  
l i s t i n g  was made. S u b s t a n t i a l  change i n  
t h e  phone system could r e q u i r e  making a  
new c h a r t  . 
7.2.3 C a r r i e r  Phones 

CAUTION 

Some of t h e  procedures d i scussed  
i n  t h i s  manual a r e  undertaken wi th  
t h e  in-mine t r o l l e y  wire  energized 
and a r e  t h e r e f o r e  very hazardous. 
Extreme cau t ion  must be exe rc i s ed  
t o  avoid a c c i d e n t a l  e l ec t rocu t ion .  
Fuses used i n  test l eads  p r o t e c t  only 
t h e  equipment and do not  provide any 
p r o t e c t i o n  from shock hazard f o r  t h e  
opera tor .  Do no t  a t tempt  any of t h e  
e l e c t r i c a l  tests o r  i n s t a l l a t i o n s  de- 
s c r i b e d  i n  t h i s  manual un l e s s  you a r e  
q u a l i f i e d  f o r  such work and a r e  thor-  
oughly f a m i l i a r  with e l e c t r i c a l  work I on t r o l l e y  wires .  I 

Each of t he  c a r r i e r  phone u n i t s  
should be examined f o r  any e x t e r n a l  phys- 
i c a l  damage. A l l  f i x i n g  screws must be 
t i g h t .  A l l  connectors  and e x t e r n a l l y  ac- 
c e s s i b l e  fu se s  should be checked f o r  
proper  s ea t i ng .  

7.2.3a Microphone 

The c a r r i e r  phone microphone is a  
d e l i c a t e  p iece  of equipment and is most 
prone t o  abuse by handl ing o r  dropping. 
The microphone should be examined f o r  
evidence of phys ica l  abuse. The a c t i o n  
of t h e  t r ansmi t  r e l a y  can be observed by 
p re s s ing  t h e  t ransmi t  bu t ton  and l i s t e n -  
i n g  f o r  t h e  t ransmi t  r e l a y  i n s i d e  t h e  
t r a n s m i t t e r  ( i n  u n i t s  where such a  r e l a y  
i s  used) t o  produce a sharp  c l i c k .  The 
micicophone q u a l i t y  can then be assessed  
by t r a n s m i t t i n g  a test count t o  a  remote 
u n i t ;  t h e  ope ra to r  of t h e  remote u n i t  
w i l l  judge t h e  q u a l i t y  of t h e  voice he 
r ece ives  and r e p o r t  back t o  t h e  u n i t  
being t e s t e d  s o  t h a t  t h e  r ece iv ing  



q u a l i t y  of t h e  u n i t  being t e s t e d  may a l s o  
be  assessed.  

7.2.3b B a t t e r i e s  

Two d i f f e r e n t  types  of b a t t e r y  sys- 
tems a r e  used i n  c a r r i e r  phones. One is 
a  convent ional  c a r  b a t t e r y  type o r  wet 
lead-acid c e l l ,  and t h e  o t h e r  is a  g e l l e d  
e l e c t r o l y t e  ba t t e ry .  Both types should 
be  t e s t e d  once a  month t o  i n s u r e  a  proper 
s t a t e  of charge,  and t h e  e l e c t r o l y t e  
should be checked i n  wet lead-acid bat-  
t e r i e s ,  i f  poss ib le .  The g e l l e d  e l e c t r o -  
l y t e  b a t t e r y  is a l s o  of a  lead-acid con- 
s t r u c t i o n ;  however, i t s  so-cal led dry 
e l e c t r o l y t e  system cannot be changed 
s i n c e  t h e  c e l l  is  s e a l e d  t o  prevent  any 
e l e c t r o l y t e  l o s s .  Overcharging of e i t h e r  
of t h e  b a t t e r y  types  causes  cons iderab le  
e l e c t r o l y t e  l o s s ,  and both types of bat-  
t e r y  can be ru ined  i f  overcharged f o r  a  
long  per iod  of t i m e .  

CAUTION 

E l e c t r o l y t e  l o s s  a l s o  happens t o  
a  l e s s e r  e x t e n t  dur ing  a  normal 
charge cyc l e  and r e s u l t s  i n  t h e  emis- 
s i o n  of hydrogen and oxygen from t h e  
c e l l s  i n  a  r a t i o  which is explosive.  
Slow emission of t h i s  hydrogen and 
oxygen gas  mixture  i n  t h e  enc losures  
u s ing  a  g e l l e d  e l e c t r o l y t i c  b a t t e r y  
can  c r e a t e  a  hazardous mixture of 
ga se s  i n s i d e  t h e  u n i t s .  Some u n i t s  
a r e  vented t o  prevent  a  p ressure  
bu i ldup  i n s i d e  t h e  enc losure ,  but 
t h i s  is i n s u f f i c i e n t  v e n t i l a t i o n  t o  
prevent  t h e  pos s ib l e  bui ldup of a  
hazardous atmosphere i n s i d e  t h e  box. 
Thus, t r a n s c e i v e r s  us ing  a  g e l l e d  
e l e c t r o l y t e  b a t t e r y  should only be 
opened i n  a  we l l -ven t i l a t ed  a r e a  
where t h e r e  a r e  no p o s s i b l e  sources  
of  i g n i t i o n  of t h e  hydrogen and oxy- 
gen mixture  before  i t  is  s u f f i c i e n t l y  
d i l u t e d  by t h e  surrounding a i r  t o  be- 
come harmless. Wet lead-acid b a t t e r -  
i e s  should be placed i n  a  well-  
v e n t i l a t e d  a r e a  i n  t h e  veh ic l e  t o  
prevent  bui ldup of pockets  of danger- 
ous  hydrogen-oxygen mixture.  

7 . 2 . 3 ~  Wet Ce l l  Maintenance 

I f  a  car-type w e t  c e l l  lead-acid 
b a t t e r y  is  used, i t  should be i n s t a l l e d  
i n  a  we l l  v e n t i l a t e d  a r ea  e a s i l y  access i -  
b l e  f o r  rou t ine  maintenance. Each week 
t h e  l e v e l  of t h e  e l e c t r o l y t e  i n  each c e l l  
should be checked and r e s t o r e d  t o  i t s  
proper  l e v e l  by t h e  a d d i t i o n  of d i s t i l l e d  
water.  The e l e c t r o l y t e  should read a  
s p e c i f i c  g r a v i t y  of approximately 1.275 
on a  b a t t e r y - t e s t i n g  hydrometer when t h e  
b a t t e r y  is  f u l l y  charged. The vo l t age  
f o r  each c e l l  should be between 2.2 and 
2.4 v o l t s .  Since i n  normal ope ra t i on  t h e  
b a t t e r y  is  under continuous charge,  t he  
s p e c i f i c  g r a v i t y  and vol tage  of a  b a t t e r y  
i n  good condi t ion  should be around t h e  
s t a t e d  values .  Values s i g n i f i c a n t l y  l e s s  
a r e  symptoms of problems wi th  e i t h e r  t he  
b a t t e r y  o r  t h e  b a t t e r y  charger  and should 
be i nves t i ga t ed .  I f  e l e c t r o l y t e  is l o s t  
from t h e  b a t t e r y  due t o  s p i l l a g e ,  then 
e l e c t r o l y t e  premixed t o  t h e  same s p e c i f i c  
g r a v i t y  should be used t o  r e f i l l  t h e  bat- 
t e r y  t o  i t s  normal l e v e l .  

Terminal pos t s  on lead-acid b a t t e r -  
ies should be examined and cleaned each 
month. Petroleum j e l l y  may be used t o  
coa t  t he se  pos t s  t o  prevent  corrosion.  
Also, any cor ros ion  of t h e  b a t t e r y  box 
should be scraped c l ean ,  and petroleum 
j e l l y  should be appl ied  t o  prevent  any 
f u r t h e r  corrosion.  

I f  a  veh i c l e  equipped with a  c a r r i e r  
phone is  t o  be taken out  of s e r v i c e  
f o r  some time, then both b a t t e r y  l eads  
should be disconnected t o  prevent  d i s -  
charge of t h e  b a t t e r y  while  t h e  u n i t  re- 
mains i n  standby mode. Again, petroleum 
j e l l y  should be appl ied  t o  t h e  b a t t e r y  
p o s t s  and t h e  te rmina ls  t o  prevent  any 
cor ros ion ,  

Any b a t t e r y  found t o  be i n  a  weak 
cond i t i on  should be removed f o r  recharg- 
i n g  and replaced by a  f u l l y  charged bat-  
t e r y ,  I f  a  p a r t i c u l a r  v e h i c l e  has  re- 
peated b a t t e r y  problems, t h e  bat te ' ry  
charger  i n  t h a t  veh i c l e  should be removed 
f o r  checkout. 



7.2.3d Gel led E l e c t r o l y t e  B a t t e r y  

It is  n o t  p o s s i b l e  t o  s e r v i c e  t h e  
e l e c t r o l y t e  i n  a  g e l l e d  e l e c t r o l y t e  ba t -  
t e r y  s i n c e  i t  i s  s e a l e d  a t  t h e  f a c t o r y .  
However, t h e s e  b a t t e r i e s  do v e n t  s m a l l  
amounts of hydrogen and oxygen d u r i n g  t h e  
charg ing  p r o c e s s ,  which w i l l  i n c r e a s e  t o  
l a r g e r  amounts i f  t h e  b a t t e r y  i s  over- 
charged.  Normally, t h e  b a t t e r y  should be 
charged by a taper-charge p rocess .  This  
means t h a t  when t h e  b a t t e r y '  i s  i n  a d i s -  

. charged c o n d i t i o n ,  t h e  b a t t e r y  charger  
can  apply  a comparat ively  l a r g e  amount of 
c u r r e n t  t o  b u i l d  t h e  charge  up i n  t h e  
b a t t e r y  q u i c k l y .  However, as t h e  b a t t e r y  
charge  i n c r e a s e s ,  t h e  charg ing  r a t e  
shou ld  d e c r e a s e .  When t h e  b a t t e r y  i s  a l -  
most f u l l y  charged,  t h e  charg ing  c u r r e n t  
shou ld  f a l l  t o  z e r o  o r  m a i n t a i n  a very 
s m a l l  charge.  Each of t h e  two types  of 
c a r r i e r  phones u s i n g  b a t t e r i e s  of t h i s  
t y p e  have a  taper-charge- type b a t t e r y  
c h a r g e r  b u i l t  i n  t o  m a i n t a i n  t h e  c e l l s  a t  
a  f u l l y  charged s t a t e ,  wi thou t  t h e  hazard  
o f  overcharg ing .  

The impor tan t  parameter  t o  measure 
f o r  p roper  g e l l e d  e l e c t r o l y t e  b a t t e r y  
m a i n t e n a x e  i s  t h e  b a t t e r y  v o l t a g e .  A 
nominal 12-volt  g e l l e d  e l e c t r o l y t e  ba t -  
t e r y  is  f u l l y  charged when i t  reads  13.8 
v o l t s  a c r o s s  t h e  t e r m i n a l s .  This  should  
b e  t h e  v o l t a g e  r e a d i n g  when t h e  b a t t e r y  
h a s  been f u l l y  charged by t h e  o p e r a t i o n  
o f  i t s  b a t t e r y  charger .  Any v o l t a g e  
h i g h e r  t h a n  13.8 i s  an i n d i c a t i o n  t h a t  
t h e  b a t t e r y  is  being overcharged,  the reby  
s u f f e r i n g  a  c o n s i d e r a b l e  l o s s  of l i f e  due 
t o  t h e  d r y i n g  o u t  of t h e  e l e c t r o l y t e .  
T h i s  a l s o  causes  g e n e r a t i o n  of dangerous 
q u a n t i t i e s  of hydrogen and oxygen gas  
m i x t u r e s  as t h e  c e l l  v e n t s .  I f  t h i s  is  
t h e  c a s e ,  t h e  b a t t e r y  charger  should  be 
examined f o r  mal func t ion .  

A l t e r n a t i v e l y ,  i f  t h e  c a r r i e r  phone 
h a s  been l e f t  on f o r  an  extended t ime 
wi thou t  any b a t t e r y  charg ing  from t h e  
t r o l l e y  w i r e ,  i t  i s  p o s s i b l e  f o r  t h e  ba t -  
t e r y  t o  become moderate ly  o r  deeply  d i s -  
charged.  A moderate ly  d i scharged  b a t t e r y  
c a n  be removed f o r  r e c h a r g i n g  and gener- 
a l l y  w i l l  n o t  s u f f e r  any s i g n i f i c a n t  
harm. However, i f  t h e  b a t t e r y  is  deeply  

d i s c h a r g e d  and s t o r e d  i n  t h i s  c o n d i t i o n  
wi thou t  be ing  recharged ,  t h e  b a t t e r y  may 
develop a  c o n d i t i o n  where i t  cannot be 
recharged  and should be r e p l a c e d .  

7.2.3e Troubleshoot ing on t h e  Vehicle  

When an o p e r a t o r  r e p o r t s  a  malfunc- 
t i o n  c a r r i e r  phone, i n i t i a l  d i a g n o s i s  of 
a  problem can be c a r r i e d  o u t  u s i n g  only  
t h e  equipment sugges ted  i n  t a b l e  7-1. 
The repairman may e i t h e r  t a k e  h i s  equip- 
ment t o  t h e  f a u l t y  v e h i c l e ,  o r  t h e  f a u l t y  
v e h i c l e  may be r e t u r n e d  t o  t h e  t e s t  and 
maintenance a r e a .  

F i r s t ,  t h e  b a t t e r y  v o l t a g e  should be 
check.ed t o  make s u r e  i t  has  n o t  become 
disc t larged.  I f  i t  i s  found t o  be good, 
a l l  e x t e r n a l  f u s e s  i n  t h e  u n i t  should  be 
check.ed. I f  a  f a u l t y  f u s e  i s  found,  i t  
shou1.d only  be rep laced  w i t h  a f u s e  of 
t h e  proper  r a t i n g .  I f  t h e  f u s e  blows 
a g a i n ,  t h e n  t h e  u n i t  i s  probably f a u l t y .  
It i s  p o s s i b l e  t h a t  r e p l a c i n g  t h e  blown 
f u s e  w i t h  a new one w i l l  cause  t h e  u n i t  
t o  o p e r a t e  p r o p e r l y  s i n c e  a  momentary 
over load  could  have caused t h e  o r i g i n a l  
f u s e  t o  blow. 

Sometimes t h e  phone i t s e l f  can pro- 
v i d e  v a l u a b l e  in format ion  on t h e  n a t u r e  
of a  problem. Use of t h e  c a r r i e r  phone 
w i l l  g e n e r a l l y  i s o l a t e  t h e  problem i n t o  
one of t h e  fo l lowing  t h r e e  c a t e g o r i e s .  

1. Cannot t r a n s m i t  t o  o t h e r s  o r  re-  
c e i v e  from o t h e r s :  

a .  Check t h e  main f u s e .  

b e  Check t h e  ground connect ion.  

c .  Check a l l  connec tors  f o r  
corroded c o n t a c t s .  

d. Check a l l  c a b l e s  f o r  breaks .  

e .  Check t h e  b a t t e r y  c o n d i t i o n .  

f .  I f  cause  cannot be r e a d i l y  
l o c a t e d ,  r e p l a c e  w i t h  s p a r e  u n i t  and 
t a k e  t h e  mal func t ion ing  u n i t  i n  f o r  
bench maintenance.  



TABLE 7-1. - Suggested t e s t  equipment 

I tem 
Multimeter. . . . . . .  

Fuses............ 

S u b s t i t u t e  u n i t s .  

Hydrometer....... 

D i s t i l l e d  water . .  

Pet roleum j e l l y . .  

B a t t e r y  charger . .  

Type 
Various............ 

... do.............. 

Same a s  used i n  t h e  
mine. 

B a t t e r y  type... . . . .  

Any................ 

Any a p p l i c a b l e  ( f o r  
wet b a t t e r y )  o r  
s p e c i a l  b a t t e r y  
c h a r g e r  f o r  g e l l e d  
e l e c t r o l y t e  
b a t t e r y .  

Use 
Meter can be used f o r  measuring v o l t a g e s  i n  

and around t h e  u n i t ,  power consumption,  
power o u t p u t ,  and f u s e  checking.  I n  o r d e r  
t o  g i v e  u s e f u l  r e s u l t s  f o r  t r a n s m i t t e r  power 
o u t p u t  measurements, t h e  meter should  be 
c a p a b l e  of o p e r a t i n g  w i t h  f r e q u e n c i e s  of a t  
l e a s t  100 kHz. 

Fuses p rov ide  an i n t e n t i o n a l l y  weakened p a r t  
of  an  e l e c t r i c  c i r c u i t ,  and the reby  a c t  a s  a  
s a f e t y  v a l v e  i n  t h e  event  of dangerous over- 
l o a d s .  This  p r o t e c t s  both  pe rsonne l  and 
equipment from p o t e n t i a l  f i r e  hazards  due t o  
o v e r h e a t i n g  of t h e  c a r r i e r  phone. 

A blown f u s e  g e n e r a l l y  i n d i c a t e s  t h a t  some 
p a r t  of t h e  c i r c u i t  of t h e  c a r r i e r  phone has  
become d e f e c t i v e .  Occas iona l ly  a  temporary 
e x t e r n a l  over load  c o n d i t i o n  can cause  a  f u s e  
t o  blow; hence i t  i s  a  u s e f u l  p r a c t i c e  t o  
change a  blown f u s e  one t ime t o  s e e  i f  t h e  
u n i t  can be brought back i n t o  s e r v i c e .  
Should t h e  f u s e  blow a g a i n ,  then  a  more 
d e t a i l e d  t roub le - shoo t ing  p rocess  should be 
a t t empted .  

Each c a r r i e r  phone c o n s i s t s  of a  number of 
d i f f e r e n t  u n i t s  i n t e r c o n n e c t e d  by c a b l e s .  
To f a c i l i t a t e  t r o u b l e s h o o t i n g  on t h e  vehi-  
c l e ,  a  f u l l y  o p e r a t i o n a l  s p a r e  s e t  of t h e  
t y p e  used i n  t h e  mine should be mainta ined 
s o  t h a t  i n i t i a l  t roub le - shoo t ing  can be per-  
formed by s u b s t i t u t i o n  of t h e  i n d i v i d u a l  
u n i t s .  

The hydrometer measures t h e  charge-discharge 
c o n d i t i o n  of t h e  b a t t e r y  e l e c t r o l y t e .  

A b a t t e r y  w i t h  a  low l e v e l  of e l e c t r o l y t e  
w i l l  r e q u i r e  an a d d i t i o n  of d i s t i l l e d  water .  

Coat ing t h e  b a t t e r y  t e r m i n a l s  w i t h  pet roleum 
j e l l y  a i d s  i n  p r e v e n t i n g  c o r r o s i o n .  

The b a t t e r y  charger  is  used t o  r e c h a r g e  ba t -  
t e r i e s  t h a t  have become d i scharged .  

NOTE.--Insure equipment is  s u i t a b l e  f o r  
d e s i r e d  a p p l i c a t i o n .  



2. Can hea r  o t h e r s  but  cannot ap- 
p a r e n t l y  t r an smi t :  

a .  Check c a b l e s  and connec tors  
( e s p e c i a l l y  t h e  microphone f o r  cor-  
roded c o n t a c t s  o r  b r eaks ) .  

b. Replace t h e  microphone. 

c .  I f  n e i t h e r  t h e  above is  a t  
f a u l t ,  t h e  problem i s  probably i n  
t h e  t r a n s m i t t e r ;  t ake  t h e  malfunc- 
t i o n i n g  u n i t  i n  f o r  bench 
maintenance.  

3. Cannot hea r  o t h e r s  but  they can 
h e a r  your t ransmiss ion :  

a .  Check t h e  volume c o n t r o l  
s e t t i n g .  

b. Check t h e  c a b l e s  and connec- 
t o r s  f o r  breaks  and cor ros ion .  

c .  Replace t h e  speaker  assembly 
by s u b s t i t u t i o n .  

d.  Check t h e  sque l ch  s e t t i n g .  

e .  I f  none of t h e s e  measures 
s o l v e  t h e  problem, i t  i s  probably 
i n  t h e  r e c e i v e r ;  r e p l a c e  t h e  t r a n s -  
c e i v e r  w i th  a  s p a r e  u n i t  and t a k e  
t h e  mal func t ion ing  u n i t  i n  f o r  bench 
maintenance.  

I f  a l l  t h e s e  s t e p s  f a i l  t o  make t h e  
u n i t  o p e r a t i o n a l ,  t h en  r e p a i r  by s u b s t i -  
t u t i o n  is  u s u a l l y  t h e  qu i ckes t  way of 
g e t t i n g  t h e  u n i t  i n t o  ope ra t i on  again .  
S u b s t i t u t i o n  should be i n  t h e  o rde r  of 
i tems cons idered  t o  be more o r  l e s s  vul-  
ne rab le .  Unless i t  is  obvious which u n i t  
i s  f a u l t y ,  t h e  p rocess  should be c a r r i e d  
o u t  i n  t h e  fo l lowing  o rde r :  

1. Change t h e  microphone assembly 
and t e s t  f o r  normal ope ra t i on .  

2. Change t h e  t r a n s c e i v e r  assembly 
and check f o r  normal ope ra t i on .  

4. Where r e l e v a n t ,  change t h e  bat-  
t e r y  charger  box and check f o r  normal 
ope ra t i on .  

When t h e  f a u l t y  u n i t  has  been i so -  
l a t e d  and r ep l aced ,  i t  should be r e tu rned  
t o  t h e  r e p a i r  a r e a  f o r  a  more d e t a i l e d  
examinat ion,  i nc lud ing  an o v e r a l l  per-  
formance checkout a f t e r  t h e  f a u l t  has  
been i s o l a t e d  and r epa i r ed .  

CAUTION 

The fo l lowing  procedure  is  un- 
de r t aken  w i th  t h e  t r o l l e y  wi re  ener-  
g i z e d ;  t h e r e f o r e ,  i t  is  extremely 
hazardous.  Extreme cau t i on  must be 
e x e r c i s e d  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. Only personne l  thoroughly 
f a m i l i a r  w i th  e l e c t r i c a l  work on 
t r o l l e y  w i r e s  should conduct t h e  t e s t  
procedures .  Equipment used must be 
a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n .  

- -  - 

On 300-volt systems,  a  t e s t  can be 
made of t h e  t r a n s m i t t e r  power ou tpu t  on to  
t h e  t r o l l e y  l i n e .  A s imple  method of 
measurement i n  t h e  f i e l d  makes u se  of t h e  
multi.meter w i th  t h e  range s e l e c t o r  swi tch  
s e t  t.o t h e  50-volt-ac s c a l e .  The b lack  
meter  l e a d  should be plugged i n t o  t h e  
colurnln (-) t e rmina l  of t h e  meter and t h e  
f r e e  end connected t o  t h e  ground. The 
red  l e a d  must be plugged i n t o  t h e  meter 
ou tpu t  j ack  and connected t o  t h e  t r o l l e y  
wi re .  The t r o l l e y  pole  must be i n  con- 
t a c t  w i th  t h e  wire .  A read ing  of 15- 
v o l t s  o r  more when t h e  t r a n s m i t t e r  i s  
keyed i n d i c a t e s  normal ope ra t i on  provided 
t h e  t e s t  i s  made a t  l e a s t  200 f e e t  from 
t h e  n e a r e s t  power r e c t i f i e r  t h a t  s u p p l i e s  
t h e  t r o l l e y  wire .  This  t e s t  cannot be 
performed on 600-volt dc systems s i n c e  
t h i s  vo l t age  w i l l  o v e r s t r e s s  some compo- 
nen t s  i n s i d e  t h e  mul t imeter .  I n  t h i s  
c a s e ,  t h e  u n i t  should be r e tu rned  t o  t h e  
r e p a i r  shop f o r  a  s t anda rd  bench t e s t .  
It should be noted t h a t  t h e  meter w i l l  
respond t o  r i p p l e  p r e sen t  on t h e  t r o l l e y  
w i r e ;  t hus  a  base  read ing  of up t o  10 
v o l t s  w i l l  be shown even w i th  t h e  t r an s -  
m i t t e r  o f f .  

3 .  Change t h e  loudspeaker  u n i t  and 
check f o r  normal ope ra t i on .  



7.2.3f Mapping Signal  Levels 

The maintenance of t r o l l e y  c a r r i e r  
phone systems r equ i r e s  not only the  main- 
tenance of the  equipment involved, but 
t h e  maintenance of t h e  t ransmiss ion  l i n e  
( t r o l l e y  wi re - r a i l )  used t o  t ransmit  t h e  
s i g n a l s  ( r e f e r  t o  paragraph 5.3.1). Evi- 
dence accumulated over t h e  years  ind i -  
c a t e s  t h a t  t h i s  s i g n a l  pa th  is s u b j e c t  t o  
many loads t h a t  impede t h e  propagation of 
c a r r i e r  s igna l s .  

One of t h e  most u se fu l  ways of de- 
termining t h e  s t a t e  of t h e  o v e r a l l  
t ransmiss ion  system is t o  map t h e  s i g n a l  
and no i se  s t r e n g t h s  a t  var ious  poin ts  
throughout t h e  mine. Such mapping re- 
q u i r e s  a tuned signal-measuring device. 

The mapping is p re fe rab ly  c a r r i e d  
o u t  by measuring t h e  s i g n a l  produced 
by t h e  d i s p a t c h e r ' s  t r a n s m i t t e r  a t  var i -  
ous p o i n t s  a long t h e  ra i l  haulage system 
where veh ic l e s  operate .  A s a t i s f a c t o r y  
way of conducting t h e  measurements is 
t o  p lace  a s u i t a b l e  tuned vol tmeter  
aboard a mine veh ic l e  (such a s  a j eep ) ,  
and a t  app ropr i a t e  p l aces  along t h e  r a i l  
haulage--f o r  example, a t  2,000- o r  3,000- 
f o o t  intervals--measure t h e  received d i s -  
pa t che r ' s  s i g n a l  and background noise.  
These va lues  should be noted on a mine 
map f o r  f u t u r e  r e f e rence  as t h e  mine ex- 
pands, o r  as c a r r i e r  phone problems oc- 
cur.  Except under extremely unusual con- 
d i t i o n s ,  t h e  s igna l - s t r eng th  map produced 
i n  t h i s  manner w i l l  a l s o  i n d i c a t e  t h e  
l e v e l  of s i g n a l  t h a t  a veh ic l e  t ransmit-  
t e r  a t  t h e  measuring p o s i t i o n  would pro- 
duce a t  t h e  d i s p a t c h e r ' s  place. A por- 
t i o n  of a mine map wi th  s i g n a l  and n o i s e  
readings  is shown i n  f i g u r e  7-1. 

The equipment f o r  making such a 
s igna l - s t r eng th  map must be b a t t e r y  oper- 
a t e d ,  e a s i l y  po r t ab l e ,  and easy t o  use 
and read. Two such u n i t s  commercially 
a v a i l a b l e  a r e  shown i n  f i g u r e  7-2. These 
tuned vol tmeters  a r e  general-purpose, 
bat tery-operated instruments  app ropr i a t e  

FIGURE 7-1. - Example of s ignal  level map. 

f o r  many t a s k s  o the r  than t h e  mapping of 
t r o l l e y  c a r r i e r  s i g n a l  l eve l s .  For t h i s  
reason c a r e f u l  a t t e n t i o n  must be paid t o  
t h e  tun ing  of t h e  instrument t o  t h e  pre- 
c i s e  frequency, a t t e n u a t o r  s e t t i n g s ,  and 
meter i nd ica t ions .  Table 7-2 g ives  spec- 
i f i c a t i o n s  f o r  t hese  tuned vol tmeters .  

The simple s t r a igh t fo rward  procedure 
of measuring t h e  d i spa t che r ' s  s i g n a l  lev- 
e l  from a jeep o r  veh ic l e  moving about 
t h e  mine can b e s t  be accomplished by con- 
nec t ing  t h e  t r o l l e y  wire vol tage  on board 
t h e  vehic le  t o  t h e  inpu t  of t h e  tuned 
vol tmeter .  Because of t h e  hazards asso- 
c i a t e d  wi th  the  high vol tage  of t h e  t r o l -  
l e y  wire ,  e i t h e r  vol tmeter  has t o  be 
proper ly  i s o l a t e d  s o  t h a t  personnel  oper- 
a t i n g  t h e  instrument are not  subjec ted  t o  
t h i s  vo l tage  through e r r o r  i n  operat ion.  
Therefore,  i t  is  important t h a t  a capaci- 
t o r  and a f u s e  be connected i n  t h e  s e r i e s  
wi th  the  instrument t o  i n su re  t h a t  t h e  
p o t e n t i a l l y  l e t h a l  vo l tage  of t h e  t r o l l e y  
wire  does not  i nadve r t en t ly  reach an 
operator .  Figure 7-3 shows a poss ib l e  
way of connecting t h e  instruments .  



TABLE 7-2. - Key s p e c i f i c a t i o n s  of tuned vo l tmete rs  

Accuracy : 
Frequency . . . . . . . . . . . . ~ ~ m m m m ~ . . ~ ~ m m  

Level....................~~~~..dB.. 
S e l e c t i v i t y  ( s t anda rd  250 Hz), Hz: 

3-dB band~idth..........~..~~~~~~~~ 
35-dB bandwidth. . . . . . . . . . . . .mmmmmmm 
60-dB  bandwidth............^.^^^^^^ 

Ranges ( f u l l   scale).............^^^^^ 

In t e rmed ia t e  f r equenc i e s ,  M z :  

Rycom 3115 
3-200 

S p e c i f i c a t i o n  
Frequency range ................. H z . .  

2nd................~~~~~~~~~~.~~~~. 
Power requirements................... 

S i e r r a  127C 
2-350 

V~ltage............~~~~....~~~~~~~... 
Bat t e ry  l i f e  ( z i n c  carbon)... .hours.. 

1,305 
330 

6 zinc-carbon o r  7  NiCd 
rechargeable  D-size c e l l s  

9 (nominal) 
100 

NAP 
NAP 

2  g e l  c e l l s  
Globe 610 

12 
5 (cont inuous)  

Temperature range.. .............. "C..  I - 10-50 1 - 10-55 
Dimensions, inches:  

 width...................^^^^^^^^^.^ 
Height.................~mmmmmmmmmmm 
 depth..............^^^^.^^^^^^^^^^^ 

 weight.............^^^^^^^ m.mpounds.. I 15 1 6 
NAp Not app l i cab l e .  

WARNING 

Disconnect t h e  inst rument  when 
t h e  v e h i c l e  is moving. T rans i en t s  
from t h e  v e h i c l e  motor ! can  cause 
damage. 

CAUTION 

The fo l lowing  procedure is un- 
de r t aken  w i th  t h e  t r o l l e y  wi re  ener- 
g i z e d ;  t h e r e f o r e ,  i t  i s  extremely 
hazardous.  Extreme cau t ion  must be 
exe rc i s ed  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. The f u s e s  used i n  t h e  t e s t  
l e a d s  s e r v e  only t o  p r o t e c t  equipment 
and do n o t  i n  any way reduce t h e  
shock hazard t o  personnel.  Only per- 
sonne l  thoroughly f a m i l i a r  wi th  e lec-  
t r i c a l  work on t r o l l e y  wires should 
conduct t h e  test procedures.  Equip- 
ment used must be a p p r o p r i a t e  f o r  
t h i s  app l i ca t i on .  

t h e  d i s p a t c h e r  t o  "key" h i s  t r a n s m i t t e r  
f o r  a  5-second t ransmiss ion  of unmodu- 
latled c a r r i e r .  The response on t h e  i nd i -  
c a t i n g  meter is noted,  t oge the r  wi th  any 
at t lenuator  s e t t i n g ,  so  t h a t  an a b s o l u t e  
va lue  of vo l t age  ( i n  v o l t s  nus) can be 
no ted  on t h e  corresponding p o s i t i o n  on 
t h e  mine map. It may be necessary when 
s t a r t i n g  measurements t o  sw i t ch  t h e  range 
knobs of t h e  ins t ruments  t o  make s u r e  
t h a t  t h e  i n s t rumen t ' s  response is  on 
s c a l e  r a t h e r  than  high and o f f  t h e  s c a l e .  
I n  t h i s  even t ,  perhaps two t ransmiss ions  
w i l l  be r equ i r ed  before  on-scale readings 
a r e  obtained.  Af t e r  t h e  t ransmiss ion  
from t h e  d i spa t che r  is  recorded,  t h e  sen- 
s i t i v i t y  of t he  inst rument  should be in-  
c r ea sed  and t h e  no i s e  l e v e l  a t  t h e  par- 
t i c u l a r  p o s i t i o n  noted aga in  i n  v o l t s  o r  
m i l l i v o l t s  nus. 

The s igna l - l eve l  map w i l l  r e v e a l  re- 
g ions  of t h e  mine where t h e  d i spa t che r  
s i g n a l s  a r e  weak which may cause d i f f  i- 

To make a  measurement, t h e  v e h i c l e  c u l t i e s  i n  c a r r i e r  communicationm The 
i s  moved t o  t h e  d e s i r e d  l o c a t i o n  i n  t h e  mine map w i l l  a l s o  r evea l  reg ions  where 
mine and stopped. The ope ra to r  then  a sks  



excess ive  no ise  is  t h e  main cause of poor 
communications. In  t h i s  event ,  i t  is i m -  
p o r t a n t  t o  l o c a t e  t h e  source  of t h e  of-  
fending no i se  and t o  t ake  measures t o  a l -  
l e v i a t e  t h e  problem. 

The s igna l - l eve l  map w i l l  a l s o  be 
extremely u s e f u l  should c a r r i e r  communi- 
c a t i o n s  d e t e r i o r a t e  wi th  t ime, with t h e  
i n s t a l l a t i o n  of new equipment, o r  wi th  
t h e  advancement of t h e  mine. Reference 
can be made back t o  t h e  o r i g i n a l  s i g n a l  
l e v e l s  t o  determine i f  and why communica- 
t i o n s  have been degraded. 

RYCOM 3115 

7.3 Summary 

Good prevent ive  maintenance and pe- 
r i o d i c  i n spec t ion  p r a c t i c e s  a r e  t h e  key 
t o  succes s fu l ly  maintaining any communi- 
c a t i o n  system. Common problems t h a t  can 
a f f e c t  communications include:  

Corrosion or  conductive dus t  on bat-  
t e r y  te rmina ls .  

Cable abras ion  and l i n e  breaks. 

Corrosion on swi tch  con tac t s  o r  i n  
c a b l e  s p l i c e s .  

FIGURE 7-2. - Tuned voltmeters. 

7 TROLLEY WIRE 

FIGURE 7-3. - Instrument connections. 

Weak b a t t e r i e s .  

Blown fuses .  

Weak o r  broken sp r ings  on spr ing-  
loaded connectors.  

Poor s p l i c i n g  techniques.  

I n  a d d i t i o n  t o  problems t h a t  develop 
owing t o  normal system usage and environ- 
mental  cond i t i ons ,  t r o l l e y  c a r r i e r  sys- 
tems may be a f f e c t e d  by c h a r a c t e r i s t i c s  
of t h e  t r o l l e y  w i r e  and r a i l  i t s e l f .  
Poor s i g n a l  s t r e n g t h  may r e s u l t  because 
of b r ing ing  loads ac ros s  t he  t r o l l e y  
w i r e - r a i l  o r  high s i g n a l  a t t e n u a t i o n  
r a t e s  i n  t h e  t r o l l e y  wire. Methods of 
compensating f o r  t h e  e f f e c t  of b r idg ing  
a c r o s s  t h e  w i r e - r a i l  a r e  given i n  s e c t i o n  
5.3.1. 



B IBL IOGRAPHY 

1. Long, R. G. G u i d e l i n e s  f o r  I n s t a l -  Underground Telephone Systems. BuMines 
l a t i o n ,  Maintenance and I n s p e c t i o n  of Handbook, 1978, 44 pp. 
Mine Telephone Systems. BuMines OFR 116- 
78 ,  June 1975, 53 pp.; NTIS PB 287 641. 3. Spencer ,  R. H. ,  P. OIBr ien ,  and 

D. J e f f r e y s .  G u i d e l i n e s  f o r  T r o l l e y  Car- 
2. Long, R. G . ,  R. L. Chufo, and R. A. r i e r  Phone Systems. BuMines OFR 150-77, 

Watson. T e c h n i c a l  G u i d e l i n e s  f o r  In- March 1977, 170 pp.; NTIS PB 273 479. 
s t a l l i n g ,  M a i n t a i n i n g ,  and I n s p e c t i n g  



A.l INTKODUCTION 

Because no two mines a r e  i d e n t i c a l ,  
t h e r e  i s  no "one b e s t  system" t h a t  can be 
de f ined  t o  meet t h e  requirements of a l l  
mines. The fol.lowing examples of system 
I n s t a l l a t i o n s  a r e  presented t o  i n d i c a t e  
how some mines have adapted a v a i l a b l e  
equipment t o  meet t h e i r  p a r t i c u l a r  
requirements.  S e l e c t i o n  of examples w e r e  
based on t h e  goa l  of ob t a in ing  t h e  widest  
p o s s i b l e  range and c r o s s  s e c t i o n  of t h e  
fo l lowing  c h a r a c t e r i s t i c s :  

Type of mine 

Age and s i z e  of mine 

E l e c t r i c a l  power usage 

Haulage methods 

E x i s t i n g  communications 

Usefulness  of p r e sen t  communications 

Examples A through F a r e  of coa l  
mines u t i l i z i n g  var ious  combinations of 
magneto, pager ,  and convent ional  t r o l l e y -  
ca r r i e r - t ype  phone systems. Example G is  
of  a magnet i te  o r e  block-caving ope ra t i on  
where a r a d i a t i n g  cab l e  and r a d i o  system 
i s  used. Example H i n d i c a t e s  how a d i a l -  
page phone system can be u t i l i z e d  i n  a 
c o a l  mine. Example I p re sen t s  a mult i -  
channel  (mult iplexed c a r r i e r )  system 
p r e s e n t l y  i n  use  i n  a deep metal mine. 

A .2 MINE A 

Mine Descr ip t ion  

Mine A is p a r t  of a connected four -  
mine complex. This  p a r t i c u l a r  mine i s  
approximately 20 yea r s  o ld ,  and a l though 
t h e r e  a r e  some new working s e c t i o n s ,  t h e  
major c o a l  e x t r a c t i o n  is  from r e t r e a t  
mining where p i l l a r s  are being pul led.  
Personnel  e n t r y  is  achieved through a 

use of  company names i s  f o r  i d e n t i f i -  
c a t i o n  purposes on ly  and does  n o t  imply 
endorsement by the Bureau of  Mines. 

v e r t i c a l  s h a f t  approximately 545 f e e t  
deep. Coal i s  removed from t h e  f a c e  a r e a  
by s h u t t l e  c a r s  and placed i n  a set of 
s i x  t racked  haulage cars .  When f u l l ,  
t h e  sets of c a r s  a r e  combined i n t o  t r a i n s  
and brought t o  t h e  su r f ace  through a 
s lope  en t ry .  Average coa l  product ion is  
4,000 t o  5,000 tons  per  day f o r  240 work- 
i ng  days,  s e t t i n g  year ly  product ion a t  
approximately 1 m i l l i o n  tons.  

The mine s i z e  is  c u r r e n t l y  2.4 m i l e s  
no r th  and south  by 3.9 m i l e s  e a s t  and 
west wi th  overburden from 545 f e e t  t o  
1,000 f e e t .  All t unne l s  and haulageways 
a r e  t y p i c a l l y  6.5 f e e t  high by 14 t o  
15 f e e t  wide. An average working s e c t i o n  
i s  425 f e e t  by 300 f e e t  long,  and 10-foot 
roof b o l t s  a r e  used. The mine has  only 
one borehole ,  which i s  used t o  supply t h e  
mine wi th  water. 

Curren t ly  t h e  mine has  s i x  working 
s e c t i o n s  of whicii f i v e  a r e  worked every 
s h i f t .  The s h i f t s  run from 8 a.m. t o  
4 p.m., 4 p.m. t o  12 p.m., and 12 p.m. t o  
8. a.m. A t y p i c a l  working s e c t i o n  cyc l e  
s t a r t s  wi th  t h e  continuous miner c u t t i n g  
c o a l  and f i l l i n g  a s h u t t l e  car .  When t h e  
s h u t t l e  c a r  i s  f u l l ,  t h e  d r i v e r  moves t h e  
c o a l  load t o  t h e  t r a c k s  and t r a n s f e r s  t h e  
c o a l  t o  one of t h e  s i x  haulage c a r s  posi-  
t i oned  on t h e  s i d e  t rack .  The s h u t t l e  
c a r  then r e t u r n s  t o  t h e  continuous miner 
t o  repea t  t he  cycle.  Excluding mechani- 
c a l  t r o u b l e ,  t h e  continuous miner w i l l  
c u t  a block of c o a l  5 f e e t  high,  15 f e e t  
wide, and 16 f e e t  long i n  1 hour,  and a 
s e c t i o n  can mine f i v e  blocks t h i s  s i z e  i n  
a n  8-hour s h i f t .  The mine t y p i c a l l y  has  
100 men underground per  s h i f t .  

Mine Eau i~men t  and Power 

The prime power f o r  t h e  mine is  
550 v o l t s  brought i n  on a f e e d e r  cable .  
I n  t h e  mine t h e  t r o l l e y  w i r e  is  run par- 
a l l e l  t o  t h e  f e e d e r  cable.  A t  t h e  work- 
i n g  s e c t i o n  t h e  continuous miner, s h u t t l e  
c a r s ,  and c a r  p u l l  are run o f f  t h e  550- 
volt-dc t r o l l e y  l i n e  f ed  a t  n i p  s t a t . i ons .  
Compressed a i r  is  used t o  run t h e  roof- 
b o l t i n g  machine. 



The equipment a t  each working sec-  
t i o n  i nc ludes  one continuous miner, two 
s h u t t l e  c a r s ,  one roof -bo l t ing  machine, 
and one c a r  p u l l .  Other equipment 
i nc ludes  3 bot  tom-loading machines, 
2 minor-type c u t t i n g  machines, and 
12 pumps. 

The t r acked  v e h i c l e s  inc lude  3 d u a l  
locomotives o r  tandems, 24 Jeeps ,  and 
3 p o r t a l  buses. 

Presen t  Mine Commnications 

The p re sen t  comrmnication c o n s i s t s  
of a c a r r i e r  phone system and a magneto- 
phone system. A l l  v e h i c l e s  are equipped 
w i t h  FEMCO c a r r i e r  phones, and a l l  a c t i v e  
working s e c t i o n s ,  a long  wi th  s e l e c t e d  
underground p o s i t i o n s ,  have Western E l e c -  
t r i c  magnetophones. 

Telephone Sys tem 

The h e a r t  of t h i s  mine's communica- 
t i o n  system i s  a c e n t r a l  d i spa t che r  
l o c a t e d  a t  t h e  bottom of t h e  main s h a f t .  

Eight  par ty- l ine  magnetophone c i r -  
c u i t s  t e rmina te  a t  a s imple switchboard 
i n  t h e  d i s p a t c h e r ' s  o f f i c e ,  Each of 
t h e s e  8 c i r c u i t s  has s e v e r a l  of t h e  
41 te lephones wired i n  p a r a l l e l .  C a l l s  
between c i r c u i t s  must be made through t h e  
d i s p a t c h e r  and h i s  o r  h e r  switchboard, 
whereas c a l l s  w i t h i n  a c i r c u i t  need not.  
The d i s p a t c h e r  can connect any two phone 
c i r c u i t s  t oge the r  and can make two of 
t h e s e  connect ions,  gene ra t i ng  two inde- 
pendent phone c i r c u i t s  f o r  two-channel 
opera t ion .  

Since t h i s  magnetophone system oper- 
ates wi th  a b e l l  r i n g e r  r a t h e r  t han  a 
loudspeaker ,  t h e  r i n g s  are coded t o  i n d i -  
cate c e r t a i n  p l aces  o r  i nd iv idua l s .  The 
d i s p a t c h e r  commnicates  through a s i n g l e  
headse t ,  and s e l e c t i o n  of e i t h e r  t h e  mine 
phone o r  t h e  c a r r i e r  phone i s  made us ing  
a two-pos i t ion  switch. Other swi tches  
connect and disconnect  t h e  var ious  mine 
te lephone c i r c u i t s ,  

This  d i spa t che r  c o n t r o l s  a l l  v e h i c l e  
t r a f f i c  and se rves  as a te lephone 
opera tor .  Operator d u t i e s  i nc lude  

answering phone c a l l s ,  switching phone 
c i r c u i t s ,  personnel  c a l l i n g  and l o c a t i o n ,  
and t ak ing  and r e l a y i n g  messages. 

Because t h e  d i spa t che r  i s  more 
l i k e l y  t o  contac t  a working s e c t i o n  
through t h e  motor and a n  a s soc i a t ed  ca r -  
r ier  phone i n  t h a t  s e c t i o n ,  t h e  mine 
phone i s  used r e l a t i v e l y  l i t t l e  compared 
wi th  t h e  c a r r i e r  phone. 

Based on t h e  observed t r a f f i c  den- 
s i t y  and on t h e  number of phones i n  t h e  
system, t h e  p r o b a b i l i t y  of a busy s i g n a l  
on t h e  magnetophone system i s  5%. 

Tro l l ey  C a r r i e r  Phone System 

Vehicle-mounted c a r r i e r  phone usage 
dur ing  a t y p i c a l  s h i f t  is  shown i n  f i g u r e  
A-1. 

During a f i r s t  s h i f t  survey,  t h e r e  
were 182 d i spa t ch ing  calls,  20 c a l l s  
r e l a t i n g  t o  personnel  l oca t ion ,  and 58 
calls r e l a t i n g  t o  p l ac ing  empty and 
loaded cars. 

Commnications Requirements--Users ' - 
Viewpoint -- 

Evidence of t h i s  mine's i n t e r e s t  i n  
commnhcations is shown by t h e  express ion  
of one foreman t h a t  " t h e i r  product ion 
woultd be c u t  i n  h a l f  i f  they l o s t  e i t h e r  
te lephone o r  carrier phone commnica- 
t ions ."  An important  commnicat ions.  
requirement a s  def ined  by t h e  management 
of t h i s  mine concerned s a f e t y .  They 
s t rong ly  f e l t  t h a t  a secure  channel was 
needed where only t h e  persons c a l l i n g  and 
c a l l e d  could hea r  t h e  conversation. 
There a r e  two reasons  f o r  t h i s :  F i r s t ,  
anyone seeking  a i d  f o r  a n  i n j u r e d  miner 
tends  t o  b e l i t t l e  t h e  s e r iousnes s  of t h e  
i n j u r y  because he knows t h a t  f r i e n d s  and 
r e l a t i v e s  of t h e  i n j u r e d  miner, and those  
just: cu r ious ,  w i l l  be l i s t e n i n g  t o  t h e  
conversat ion.  The problem is  not  unique 
t o  t h i s  mine. Secondly, t h e  phones of 
t h e s e  eavesdroppers load  t h e  l i n e  t o  t h e  
ex t en t  t h a t  t h e  emergency communications 
a r e  impaired. 

Based on t h i s  r e a l i s t i c  s i t u a t i o n ,  a 
b a s i c  communications requirement is  a 
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FIGURE A-1. - Vehicle-mounted carrier phone use in  typ ica l  shi f t .  

p r i v a t e  l i n e ,  s e l e c t i v e  c a l l i n g  channel  
o v e r  which t h e  person a t t e n d i n g  a n  
i n j u r e d  person can p r i v a t e l y  c a l l ,  a t  h i s  
o r  h e r  d i s c r e t i o n ,  t h e  mine foreman, t h e  
d i s p a t c h e r ,  t h e  s a f e t y  foreman, o r  t h e  
n e a r e s t  h o s p i t a l  o r  ambulance s e r v i c e .  
Note t h a t  a conven t iona l  p r i v a t e  d i a l  
sys tem meets t h i s  requirement .  Mine C 
( d e s c r i b e d  i n  s e c t i o n  A-4) has  a d i a l  
phone a d j a c e n t  t o  each  pager  phone. This  
met t h e  need f o r  a s e c u r e  channel  
f o r  bo th  management and emergency 
communications. 

Communications Requirements--Based 
on Survey Ana lys i s  

Although t h e  pe rsonne l  i n t e r v i e w e d  
f e l t  t h e  q u a l i t y  of t h e i r  communications 
was adequa te ,  a n a l y s i s  i n d i c a t e s  t h a t  
e x c e s s i v e  n o i s e  and d i s t o r t i o n  were p res -  
e n t .  There fore ,  a requirement  t h a t  
a p p l i e s  t o  t h i s  mine a s  w e l l  a s  t o  a l l  
communication systems i s  t h a t  of reason- 
a b l e  s igna l - to -no i se  r a t i o  f o r  good 
i n t e l l i g i b i l i t y .  

The f a c t  t h a t  t h e  chance of g e t t i n g  
a busy s i g n a l  is 5% i s  proof t h a t  addi-  
t i o n a l  channel  c a p a c i t y  i s  needed. Add- 
i n g  a d d i t i o n a l  channels  t o  a wired system 
appears  t o  be an a c c e p t a b l e  s o l u t i o n  
s i n c e  t h e s e  e x t r a  channels  w i l l  minimize 
t h e  t e lephone  d u t i e s  t h e  d i s p a t c h e r  now 
performs and w i l l  e l i m i n a t e  t h e  communi- 
c a t i o n  system b lock ing  problem. Calcula-  
t i o n s  i n d i c a t e  t h a t  a minimum of f i v e  
communication channels  a r e  needed f o r  
t h i s  mine. Furthermore,  making one of 
t h e  f i v e  channels  a p r i v a t e  l i n e  w i l l  
f u l f i l l  t h e  requirement  f o r  p r i v a t e  
communications. 

Also,  from observ ing  t h e  mine opera- 
t i o n  and t a l k i n g  t o  v a r i o u s  pe rsonne l  i t  
appears  t h a t  s e c t i o n  foremen, l i k e  t h e  
foremen i n  most i n d u s t r i a l  o p e r a t i o n s ,  
a r e  overworked, and y e t  a r e  t h e  key t o  
improving p r o d u c t i v i t y .  There fore ,  wire- 
l e s s  communication i s  needed f o r  a t  l e a s t  
t h e  s e c t i o n  foremen a long  w i t h  v a r i -  
ous o t h e r  s u p e r v i s o r s  and maintenance 
personnel .  



From t h i s  b r i e f  a n a l y s i s  of t h e  mine 
and i t s  c u r r e n t  communications, t h e  f o l -  
lowing i s  a l i s t  of minimum communication 
requ i rements  f o r  Mine A. 

a .  Reasonable communication channe l  
s i g n a l - t o - n o i s e  l e v e l .  

b. A t  l e a s t  f i v e  independent  v o i c e  
channe l s .  

c. A t  l e a s t  one s e c u r e  v o i c e  chan- 
n e l ,  which may be i n c l u d e d  i n  t h e  f i v e  
v o i c e  channels .  

d. Some form of w i r e l e s s  communica- 
t i o n  t o  s e l e c t  i n d i v i d u a l s  on t h e  working 
s e c t i o n  o r  rov ing  i n  haulageways. 

A.3 MINE B 

Mine D e s c r i ~ t i o n  

Mine B c o n s i s t s  of a d j a c e n t  (No. 1 
and No. 2) low-coal mines. The No. 1 
Mine employs longwal l  and con t inuous  min- 
ing .  The No. 2 Mine employs c o n v e n t i o n a l  
and con t inuous  mining and i s  p r e p a r i n g  
f o r  i t s  f i r s t  longwal l  o p e r a t i o n .  Both 
mines employ b e l t  c o a l  hau lage  t o  c l o s e l y  
l o c a t e d  d r i f t  e n t r a n c e s .  Men and sup- 
p l i e s  e n t e r  t h e  No. 1 Mine by a 400-foot 
s h a f t  remotely l o c a t e d  from t h e  No. 2 
Mine d r i f t  en t rance .  From t h e  two mines ,  
8 ,000 t o n s  of c o a l  p e r  day a r e  mined by 
a b o u t  600 union men under  t h e  s u p e r v i s i o n  
o f  abou t  60 o f f i c i a l s .  

The No. 1 and No. 2 Mines each cur-  
r e n t l y  employ one longwal l  mining u n i t  
and c o n v e n t i o n a l  working s e c t i o n s  of Lee 
Norse con t inuous  miners.  For t h e  No. 1 
Mine's longwal l  mining,  c o a l  i s  moved by 
a n  armored f a c e  conveyor t o  a s t a g e  
l o a d e r  a t  one end of t h e  longwal l ,  t o  a n  
e x t e n d a b l e  b e l t ,  and f i n a l l y  t o  a con- 
v e n t i o n a l  b e l t .  

I n  a d d i t i o n  t o  longwal l  mining,  t h e  
No. 2 Mine employs a fu l l -d imens ion  u n i t ,  
a  conven t iona l  mining u n i t ,  and con t inu-  
ous  miners  f o r  seven working s e c t i o n s  p e r  
s h i f t .  

The equipment used i n  c o n v e n t i o n a l  
mining c o n s i s t s  of a c u t t i n g  machine, a 

l o a d e r ,  and two s h u t t l e  c a r s .  With a 
fu l l -d imens ion  system,  t h e  s h u t t l e  c a r s  
a r e  r e p l a c e d  by a n  e x t e n d a b l e  b e l t .  

Coal i s  brought  o u t  of t h e  two mines 
by conveyor b e l t ,  and men and s u p p l i e s  
a r e  moved by t r a c k .  The c o a l  i s  moved by 
b e l t  from t h e  two mines t o  a s c r e e n i n g  
house having 1 ,250 t o n s  of s t o r a g e  capac- 
i t y .  To cope w i t h  s l a c k s  and over f lows ,  
c o a l  can  be a u t o m a t i c a l l y  d i v e r t e d  t o  a 
12,000-ton-capacity s t o r a g e  p i l e .  

Ac power i s  brought i n t o  t h e  mines 
a t  12,470 v o l t s .  Two r e c t i f i e r s  a r e  
p o s i t i o n e d  a t  every  6,000 f e e t  of t r a c k ,  
each w i t h  a c a p a b i l i t y  of 300 kW, t o  
supply 300-volt-dc power t o  t h e  t r o l l e y  
w i r e s  and t h e i r  f e e d e r s .  I n  a d d i t i o n  t o  
supp ly ing  locomotives  w i t h  power, t h e  
t r o l l e y  l i n e s  supply power, a t  n i p  p o i n t s  
a l o n g  t h e  l i n e ,  f o r  t h e  o p e r a t i o n  of t h e  
300--volt-dc s h u t t l e  c a r s .  Where needed, 
t h e  12,470 v o l t s  a c  i s  t ransformed t o  
600 v o l t s  t o  p rov ide  a c  power f o r  rock 
d u s t e r s ,  conveyor b e l t  d r i v e s ,  miners ,  
roof b o l t e r s ,  and b e l t  f e e d e r s .  

P r e s e n t  Mine Communications 

The equipment used i n  each of t h e  
two mines i n c l u d e s  paging-type p a r t y  l i n e  
t e l e p h o n e s ,  t r o l l e y  c a r r i e r  phones,  t h e  
f i r e  s e n s o r  t a p e  r e c o r d i n g  t h a t  would 
a u t o m a t i c a l l y  be patched i n t o  t h e  phone 
system should t h e r e  be a b e l t  f i r e ,  and 
t h e  f a n  s e n s o r s  t h a t  u t i l i z e  t h e  phone 
l i n e s .  

The No. 1 Mine's communications sys-  
tems a r e  independent  of t h e  No. 2 Mine's ,  
bu t  g e n e r a l l y  of t h e  same s i z e  and equip- 
ment types .  The No. 2 Mine's c h i e f  
e l e c t r i c i a n ' s  o f f i c e  has  a No. 1 Mine 
phone, a s  does  t h e  No. 2 Mine's foreman 's  
o f f i c e .  

Telephone System 

Since bo th  mines have s i m i l a r  com- 
munica t ion  equipment,  only  t h e  No. 2 Mine 
w i l l  be desc r ibed .  The No. 2 Mine has  
31 underground loudspeaking t e lephones .  
The underground phones a r e  a l l  i n  a 
s i n g l e  network. The f o l l o w i n g  seven  s u r -  
f a c e  phones a r e  a l s o  i n  t h i s  network: 



Outside mechanics shanty--1 

Outside shop--1 

Audi torium--1 

Chief e l ec t r i c i an - -1  

Cleaning plant--2 

a t  t h e  i n s i d e  mechanics shanty ,  two on 
u t i l i t y  jeeps ,  and two on motors. 

One shortcoming of t h e  p re sen t  car -  
r i e r  system is  t h a t  t h e r e  i s  no way f o r  
personnel  w i th  c a r r i e r  phones t o  commni- 
c a t e  wi th  working sec t ions .  Mine per- 
sonne l  would l i k e  some way of pa tch ing  
t h e  c a r r i e r  and pager phone systems 
toge ther .  

Double breaker  switchhouse--1 
Longwall Couumnications 

The paging phones used i n  t h e s e  
mines use  6 v o l t s  f o r  normal phone use  
and 22.5 v o l t s  dur ing  paging. With t h e s e  
phones, p r e s s ing  t h e  paging but ton  a t  any 
s t a t i o n  permi ts  t h e  ope ra to r  t o  broadcast  
through t h e  loudspeakers  on t h e  remaining 
37 te lephones.  On r e l e a s i n g  t h e  paging 
bu t ton  t h e  ope ra to r  can converse w i th  
anyone who p i cks  up t h e  handset  on any 
o t h e r  phone. 

Tape recordings were taken  of bo th  
t h e  No. 1 and t h e  No. 2 Mine's p a r t y  l i n e  
pager  phone system and t h e  No. 1 Mine's 
c a r r i e r  phone system. Analysis  of t h e s e  
record ings  revea led  t h a t  f o r  t h e  No. 2 
Mine, based on hour i n t e r v a l s ,  t h e  most 
t h e  system is  used i s  about  50% of t h e  
t ime,  between 9 and 10 a.m. But, based 
on 1 5 m i n u t e  i n t e r v a l s ,  t h e  phones a r e  
used  nea r ly  90% of t h e  t ime around 3:30 
i n  t h e  a f te rnoon.  

This  heavy usage occurs  dur ing  t h e  
l a s t  hour of t h e  s h i f t  when s e c t i o n  fo re -  
men a r e  making t h e i r  end-of-shif t  r e p o r t s  
on product ion s t a t u s ,  s u p p l i e s  on hand, 
supply r eques t s ,  and maintenance work 
r eques t s .  The f a c t  t h a t  t h e  phone system 
i s  used 90% of t h e  time s i g n i f i e s  t h a t  
o t h e r  c a l l s  t h a t  could improve product ion 
e f f i c i e n c y  must e i t h e r  be delayed o r  no t  
made a t  a l l .  

C a r r i e r  Phone System 

A second means of vo ice  communica- 
t i o n s  i s  t h e  c a r r i e r  phone system t h a t  
u s e s  t h e  dc  t r o l l e y  wi re  a s  a c a r r i e r  of 
88-kHz (No. 2 Mine) and 100-kHz (No. 1 
Mine) FM. In  each 'mine f i v e  c a r r i e r  
phones a r e  used: One a s  a base s t a t i o n  

Five permiss ib le  loudspeaking t e l e -  
phones a r e  spaced a t  125-foot i n t e r v a l s  
a long t h e  500-foot longwall  system. 
These f i v e  phones a r e  connected t oge the r  
t o  form an independent communications 
system. Near t h e  phones a t  e i t h e r  end of 
t h e  longwall  system a r e  phones of t h e  
o v e r a l l  te lephone network. Though not  
in te rconnec ted ,  t h e  two phone networks 
a r e  phys i ca l l y  c l o s e  t o  each o ther .  

The f i v e  phones a r e  i d e n t i c a l  t o  
those  of t h e  main te lephone system except  
t h a t  t h e  paging mode i s  permanently wired 
i n t o  a l l  f i v e  phones a s  a s a f e t y  measure. 
Anything s a i d  i n t o  any one of t h e  f i v e  
handse ts  w i l l  be broadcast  over  a l l  f i v e  
loudspeakers ,  t h u s  a l e r t i n g  a l l  nearby 
personnel  of a c t i v i t y  on t h e  longwall  
s ec t i on .  

Be l t  Maintenance Communications 

Along t h e  b e l t  l i n e s  (every 
2,000 f e e t )  and a t  t h e  b e l t  heads a r e  
l oca t ed  phones of t h e  te lephone communi- 
c a t i o n s  system. The b e l t  heads a r e  t h e  
only spo t s  where b e l t  mechanism f i r e s  a r e  
l i k e l y  t o  occur. 

Be l t  F i r e  Alarm System 

Although t h e s e  mines have never had 
a b e l t  f i r e ,  t h e i r  f i r e  a la rm system i s  
b e t t e r  than  requi red  by law. A t ape  
p l aye r  is  pos i t i oned  underground and when 
a c t i v a t e d  w i l l  broadcast  a warning over  
a l l  te lephone and c a r r i e r  phone loud- 
speakers .  The recorded message warns 
a l l  personnel  of t h e  alarm condi t ion ,  
s p e c i f i e s  t h e  l o c a t i o n  of t h e  t r i p p e d  



a l a r m s ,  and a d v i s e s  pe rsonne l  of s a f e t y  
p r e c a u t i o n s  t o  be taken.  

Fan-Stop Alarm 

I n  t h e  even t  a  f a n  s t o p s ,  p r o v i s i o n  
i s  made f o r  u t i l i z i n g  t h e  phone systems 
t o  i n s u r e  t h a t  p roper  a c t i o n  i s  taken.  
A t  t h e  No. 1 Mine, where t h e r e  i s  a  phone 
a t  t h e  f a n  s i t e  and where pe rsonne l  a r e  
w i t h i n  e a r s h o t  of an  a u d i b l e  a la rm,  t h e  
pe rson  responding t o  t h e  a lz rm can  u s e  
t h e  normal t e lephone  system i n  s e e k i n g  
h e l p .  The f a n s  f o r  t h e  No. 2 Mine a r e  
remote from any mine personne l  s o  t h e  
a l a r m  i s  a u t o m a t i c a l l y  s e n t  o v e r  a  com- 
m e r c i a l  phone l i n e  t o  No. 2 Mine's 
lamphouse. 

Communications Requirements--User ' s 
Viewpoint 

Through i n t e r v i e w s  and d i s c u s s i o n s  
w i t h  t h o s e  who u s e ,  p l a n ,  and m a i n t a i n  
t h e  communications sys tems,  communica- 
t i o n s  requ i rements  were determined t h a t  
would a i d  p roduc t ion  a t  t h e s e  mines. 
These requ i rements  d e a l t  d i r e c t l y  w i t h  
mine o p e r a t i o n s  not  u s i n g  a  d i s p a t c h e r ,  
w i t h  o p e r a t i o n s  where c o a l  hau lage  i s  by 
b e l t  o n l y ,  and w i t h  o p e r a t i o n s  i n v o l v i n g  
low-coal and longwal l  mining. 

The f i r s t  s u g g e s t i o n  made by mine 
p e r s o n n e l  was t h a t  they  needed someone t o  
perform t h e  communications and i n f  orma- 
t i o n  c e n t e r  t a s k s  o f t e n  performed by t h e  
d i s p a t c h e r  i n  o t h e r  mines. P r e s e n t l y  
t h e y  have no way of r e l a y i n g  messages 
between, o r  i n t e r l i n k i n g ,  t h e  independent  
t e l e p h o n e  and c a r r i e r  phone systems. 
They a l s o  would l i k e  someone t o  moni tor  
b e l t  l i n e  s e n s o r s ,  from a  c e n t e r ,  i n  
o r d e r  t o  c o o r d i n a t e  t r o u b l e s h o o t i n g ,  
maintenance,  and r e p a i r  of a l l  b e l t  
l i n e s .  Thus, a  requirement  f o r  a  com- 
munica t ions  c e n t e r  o p e r a t o r  (communica- 
t i o n s  c o o r d i n a t o r )  would r e s o l v e  t h e  two 
immediate problems a s  w e l l  a s  many 
o t h e r s .  

Low c o a l  and longwal l  mining com- 
b i n e  i n  de te rmin ing  a  requirement  f o r  
f i x e d  communications t e r m i n a l s  t o  be 
c l o s e  t o  a l l  c l a s s e s  of foremen, and a  

requirement  f o r  p e r s o n a l  hands-of f  - 
o p e r a t i o n  r a d i o s  of i n s i g n i f i c a n t  weight 
and bulk.  Coord ina t ing  t h e  o p e r a t i o n  and 
and r e p a i r  of a  500-foot longwal l  miner 
i s  d i f f i c u l t ,  e s p e c i a l l y  i n  low coa l .  

Mine personne l  f e l t  t h a t  having 
no th ing  would be b e t t e r  t h a n  having a  
simpl-e r a d i o  pager  where a  s e c t i o n  f o r e -  
man might have t o  crawl  700 f e e t  t o  t h e  
n e a r e s t  phone t o  f i n d  o u t  t h a t  i t  r e a l l y  
wasn'lt t h a t  impor tan t .  I f  t h e  s e c t i o n  
foremen a r e  g i v e n  any th ing  f o r  mobile 
communications, i t  must be s m a l l ,  l i g h t ,  
and two-way. I n  t h i s  mine t h e y  would 
l i k e  t h e  s e c t i o n  foremen t o  be a b l e  t o  
eas i l ly  c o n t a c t  a  g e n e r a l  a s s i s t a n t  f o r e -  
man f o r  s u p p l i e s  and r e p a i r s .  The need 
f o r  s m a l l  p o r t a b l e  two-way communications 
i s  shown by t h e  c a s e  where someone a t  t h e  
mine,, on h i s  own i n i t i a t i v e ,  t r i e d  some 
two-way u n i t s  he  had borrowed from a  
l o c a l  h o s p i t a l .  

Communication Requirements--Based 
on Survey Ana lys i s  

An a n a l y s i s  of both  t h e  NO. 1 and 
t h e  NO. 2 Mine survey i n d i c a t e s  t h a t  t h e  
communications systems n o i s e  l e v e l s  were 
unaccep tab ly  h igh  and t h a t  communications 
c a p a b i l i t y  is  on t h e  ve rge  of becoming 
unaccep tab le .  Improved communication and 
improved mining o p e r a t i o n  would r e s u l t  
merel-y by improving t h e  s igna l - to -no i se  
r a t i o  of t h e  p r e s e n t  communications 
systems. 

S ince  t h e  c u r r e n t  phone t r a f f i c  
makes t h e  chance of g e t t i n g  a  busy s i g n a l  
between 350 and 450 t imes g r e a t e r  t h a n  
most i n d u s t r i e s  f i n d  a c c e p t a b l e ,  addi-  
t i o n a l  channel  c a p a c i t y  i s  needed t o  
reduce t h e  chance of b lock ing  t o  t h e  1% 
level- .  Although b lock ing  i s  s t i l l  
10 t imes  g r e a t e r  t h a n  i n d u s t r i a l  s t a n -  
d a r d s ,  i t  appears  t o  be a  reasonab le  
s e l e c t i o n  f o r  mine communications. 

Also,  from observ ing  t h e  mine opera- 
t i o n  and t a l k i n g  t o  v a r i o u s  pe rsonne l ,  i t  
appears  t h a t  s e c t i o n  foremen and s e l e c t  
longwal l  pe r sonne l  need some form of 
two-way w i r e l e s s  communication of minimum 
s i z e  and weight.  A l l  pe r sonne l  expressed  



a n e g a t i v e  a t  t i  tude toward any one-way 
t y p e  of communication. 

Fur thermore,  t h e  mine personne l  f e l t  
t h e y  needed a l o c a t i o n  where t h e  d a i l y  
p r o d u c t i o n  a c t i v i t y  could  be monitored.  
T h i s  l o c a t i o n  can evo lve  i n t o  a communi- 
c a t i o n  c e n t e r ,  s i n c e  a s  t h e  mine expands 
and  more v e h i c l e s  a r e  equipped w i t h  
t r o l l e y  c a r r i e r  phones,  a combination 
d i s p a t c h e r ,  c a l l  moni tor ,  and p r o d u c t i o n  
moni to r  c a n  be f i n a n c i a l l y  j u s t i f i e d .  

S p e c i f i c a l l y  f o r  t h e s e  mines,  t h e  
f o l l o w i n g  r e p r e s e n t s  a minimum f o r  f u t u r e  
communication requ i rements :  

a. Reasonable communication channel  
s igna l - to -no i se  r a t i o .  

b. At least f i v e  independent  v o i c e  
channe l s  t o  r e p l a c e  t h e  p r e s e n t  one 
channe l  . 

c. Smal l ,  l i g h t w e i g h t  w i r e l e s s  two- 
way communicator u n i t s  f o r  foremen and 
s e l e c t  personnel .  

d. A communication c e n t e r .  

A.4 Mine C 

Mine D e s c r i ~ t i o n  

Mine C has  been o p e r a t i o n a l  s i n c e  
1903 w i t h  p r o d u c t i o n  o r i g i n a l l y  e s t i m a t e d  
f o r  100 years .  Coal i s  being mined i n  
t h e  B and C seams, and t h e r e  i s  36 t o  
60 f e e t  of v e r t i c a l  d isplacement  between 
t h e s e  seams. The mine employs cont inuous  
mining t e c h n i q u e s ,  and personne l  e n t e r  
t h e  mine through a s l o p e  e n t r y .  Coal 
p r o d u c t i o n  i s  approximately  1 m i l l i o n  
t o n s  p e r  y e a r  and i s  removed by a com- 
b i n a t i o n  of b e l t  and hau lage  c a r s .  The 
B seam has  two a c t i v e  working s e c t i o n s ,  
and each  s e c t i o n  t r a n s f e r s  c o a l  from 
s h u t t l e  c a r s  t o  a s m a l l  f e e d e r  b e l t .  A 
l o n g e r  mother b e l t  t h e n  t a k e s  t h e  c o a l  
t o  a main l o a d e r  head. Th is  l o a d e r  head 
h a s  t h e  c a p a c i t y  f o r  18 c a r s ;  when 12 
cars are f i l l e d ,  t h e s e  cars are assembled 
i n t o  a 12-car t r a i n  240 f e e t  i n  l e n g t h  
f o r  main l i n e  haulage.  The C seam has  
o n l y  1 working s e c t i o n ,  and c o a l  i s  

t r a n s f e r r e d  by s h u t t l e  cars t o  a set of 
6 haulage c a r s ;  2 o f  t h e s e  combinations 
of 6 c a r s  a r e  a t t a c h e d  t o  make a 12-car 
t r a i n ,  which removes t h e  coal. from t h e  
mine . 

The B seam i s  c u r r e n t l y  1.7 m i l e s  
n o r t h  and s o u t h  by 3.2 m i l e s  e a s t  and 
wes t ;  t h e  C seam i s  0.35 m i l e  n o r t h  and 
s o u t h  by 0.45 m i l e  e a s t  and west. The 
overburden ranges  from 0 a t  t h e  s l o p e  
e n t r y  t o  2,000 f e e t .  A l l  t u n n e l s  a r e  
t y p i c a l l y  18 f e e t  wide. The average 
C seam t u n n e l  i s  9 f e e t  h i g h ,  and t h e  
t y p i c a l  B seam h e i g h t  is 15 f e e t .  S ince  
t h e  B seam has  c o a l  22 f e e t  t h i c k  i n  some 
p l a c e s ,  t h e  top  l e v e l  i s  mined f i r s t ;  
they  r e t u r n  t o  mine t h e  bottom c o a l  f o r  
maximum y i e l d .  Koof b o l t  l e n g t h  is  t y p i -  
c a l l y  6 f e e t  w i t h  v a r i a t i o n s  from 4 t o  
12 f e e t .  These b o l t s  a r e  p o s i t i o n e d  
on 5-foot c e n t e r s  i n  t h e  B seam and on 
&foo t  c e n t e r s  i n  t h e  C seam. 

The mine has  one boreho le  i n t o  t h e  
B seam, which w a s  used a t  one t i m e  f o r  a 
phone l i n e  and a n o t h e r  t ime f o r  pumping 
w a t e r  o u t  of t h e  mine. A second boreho le  
i n  t h e  C seam is  used t o  pump methane o u t  
of t h e  mine. 

C u r r e n t l y  t h e  mine has  two coal-  
producing s e c t i o n s  i n  t h e  B seam and one 
coa lp roduc ing  s e c t i o n  i n  t h e  C s e a m .  
Furthermore,  t h e  B seam h a s  one l a r g e  
c leanup  s e c t i o n  and two smaller c leanup  
o r  r e h a b i l i t a t i o n  s e c t i o n s .  A t y p i c a l  
working s e c t i o n  i s  320 f e e t  square .  The 
mine h a s  two produc t ion  s h i f t s  and one 
maintenance s h i f t ,  and t h e y  r u n  from 
8 a.m. t o  4 p.m., 4 p.m. t o  12 p.m., and 
12 p.m. t o  8 a.m. The mine has  71 men 
underground f o r  t h e  f i r s t  p roduc t ion  
s h i f t ,  55 men underground f o r  t h e  second 
produc t ion  s h i f t ,  and 45 men underground 
f o r  t h e  l a s t  o r  maintenance s h i f t .  

Mine personne l  t y p i c a l l y  r e q u i r e  
20 minutes  t o  g e t  from t h e  p o r t a l  t o  
t h e i r  working s e c t i o n s ,  and they  t a k e  
30 minutes  f o r  lunch some t ime between 
11 a.m. and 1 p.m. These lunch p e r i o d s  
a r e  s t a g g e r e d  between working s e c t i o n s .  
On t h e  B seam t h e  work c y c l e  s t a r t s  w i t h  
t h e  cont inuous  miner c u t t i n g  c o a l  and 



f i l l i n g  a s h u t t l e  car .  When t h e  s h u t t l e  
c a r  i s  f u l l ,  t h e  d r i v e r  t r a n s f e r s  t h e  
c o a l  load  t o  one of t h e  36-inch 550-fpm 
b e l t s  run t o  t h e  s ec t i on .  The b e l t s  then  
remove t h e  c o a l  t o  t h e  south  l oade r  head, 
where i t  i s  loaded i n t o  c a r s  t h a t  w i l l  
make up t h e  main l i n e  haulage t r a i n .  The 
s h u t t l e  c a r  round t r i p  takes  approxi- 
mately 7 minutes t o  complete a work cyc le  
on t h e  B seam. Except f o r  t h e  s h u t t l e  
c a r s  dumping d i r e c t l y  i n t o  haulage c a r s ,  
t h e  C seam has t h e  same type  of work 
cycle .  Furthermore, t h e  C seam has no 
b e l t  haulage and uses  t racked  haulage f o r  
c o a l  removal. 

Mine Equi~ment  and Power 

Three s u r f a c e  s u b s t a t i o n s  convert  
44,000 v o l t s  three-phase t o  4,160 v o l t s  
three-phase,  t h e  4,160 v o l t s  i s  c a r r i e d  
underground t o  var ious  440-volt-ac and 
275- t o  3 0 0 ~ o l t - d c  power s t a t i o n s .  

A t  t h e  working s e c t i o n s ,  t h e  s h u t t l e  
c a r s  a r e  powered e i t h e r  by 440 v o l t s  a c  
o r  275 t o  300 v o l t s  dc;  t h e  continuous 
miner i s  powered by 440 v o l t s  ac ,  and t h e  
roof b o l t i n g  machines a r e  powered by 275 
t o  300 v o l t s  dc. The dc vo l tage  can be 
ob ta ined  by e i t h e r  a t r o l l e y  n i p  p o i n t  o r  
a n  ac-dc l oad  cen t e r .  

A l l  t r o l l e y s  a r e  powered by a 275- 
t o  3 0 0 ~ o l t - d c  t r o l l e y  l i n e ,  which i s  a 
common r i n g  bus f e d  by 300-kW r e c t i -  
f i e r s  and two 500-kW r e c t i f i e r s .  The 
q u a n t i t y  and type  of t r o l l e y s  o r  veh i c l e s  
fol low: 

Mechanics ' jeeps--2 

P re sen t  Mine Comnunications 

This  mine u t i l i z e s  a combination of 
loudspeaking paging phones, d i a l  tele- 
phones, and 88-kHz vehicle-mounted ca r -  
rier phones. The c a r r i e r  phone system i s  
t i e d  e l e c t r i c a l l y  t o  t h e  loudspeaking 

paging phones by a t r o l l e y  coupler .  This 
type  a p p l i c a t i o n  should no t  be used wi th  
i n t r i n s i c a l l v  s a f e   hones. To improve - - 
communication coverage, a u x i l i a r y  speak- 
e r s  a r e  sometimes used with t h e  loud- 
speaking paging phones. The fo l lowing  
t a b u l a t i o n  shows t h e  number of phones and 
t h e i r  gene ra l  l oca t ion :  

- - 

Phone type  

D ia l  
te lephone. . .  

Loudspeaking 
pager phone. 

C a r r i e r  phone -- 

* 

B 
seam - 

12 

5 
1 

- 
C 

seam - 
1 

1 
0 - 

- 
Sur- 
f  a ce  - 

16 

1 
1 - 

- - 
Stor-  

age 

0 

1 
0 

Vehi- 
c l e  

0 

0 
17 

In  genera l ,  v e h i c l e  ope ra to r s  and 
supe.rvisory personnel  use t h e  t r o l l e y  
c a r r i e r  phones, and mine s e c t i o n  foremen, 
maintenance personnel ,  and superv isory  
personnel  use  t h e  d i a l  te lephones and 
page,r phones. 

Dial, Telephone Sys tem 

The mine has  purchased from t h e  t e l -  
ephone company d i a l  t e lephones ,  te lephone 
environmental enc losu re s ,  a s soc i a t ed  
PABX, and 25-pair te lephone cab le  wi th  
wi re  s i z e  No. 19. A l l  underground t e l e -  
phone equipment and wire  was i n s t a l l e d  by 
mine personnel  and has  been i n  s e r v i c e  
f o r  t h e  l a s t  10 years .  Standard d i a l  
te lephones a r e  mounted i n  environmental 
enc losures .  

The b igges t  problem t h e  mine has  had 
w i t h  t h e  d i a l  te lephones was dus t  and 
moisture  g e t t i n g  i n t o  t h e  d i a l  mechanism. 
This; was understandable  s i n c e  i t  was 
found t h a t  t h e  ma jo r i t y  of t h e  under- 
ground te lephone enc losu re s  had been l e f t  
wide open and were l i b e r a l l y  rock dusted.  
Of t h e  e i g h t  underground te lephones 
chec:ked, seven were i n  good working o rde r  
and one had rock dus t  i n  i t s  d i a l  mechan- 
i s m  con tac t s .  Another problem, no t  
r e l a ~ t e d  d i r e c t l y  t o  t h e  te lephone equip- 
ment:, was t h a t  of a c o u s t i c  n o i s e  from 
mine machinery. For example, a te lephone 
i s  r equ i r ed  nea r  t h e  3d south  loader  
head, and mine personnel  f i n d  comnunica- 
t i o n  d i f f i c u l t  when t h e  l oade r  head i s  
i n  opera t ion .  Mine o f f i c i a l s  have 



cons idered  b u i l d i n g  a  te lephone enc lo su re  
t h a t  w i l l  s h i e l d  t h i s  te lephone from 
e x t e r n a l  a c o u s t i c  no ise .  

Other  t h a n  l eav ing  t h e  door t o  t h e  
environmental  enc lo su re s  open, t h e  mine 
personne l  appeared t o  o p e r a t e  t h e  t e l e -  
phone system proper ly .  The te lephone  was 
mostly used t o  c a l l  from underground s t a -  
t i o n s  t o  s u r f a c e  s t a t i o n s  o r  c a l l  o u t  of 
t h e  mine. Most c a l l s  were f o r  s u p p l i e s ,  
maintenance, and l o c a t i o n  of personnel .  
Th i s  t e lephone  system was a l s o  used a s  a  
backup system when commnica t ions  were 
bad. For example, once personne l  were 
con t ac t ed  u s i n g  t h e  t r o l l e y  c a r r i e r  phone 
o r  pager  phone and extended conve r sa t i on  
was needed, t h e  person would be 
i n s t r u c t e d  t o  go t o  t h e  n e a r e s t  d i a l  
e x t e n s i o n  te lephone  and r e e s t a b l i s h  con- 
t a c t  t o  complete t h e  comrmnication. 

Over t h e  h i s t o r y  of t h e  mine, only 
one major emergency has  occur red ,  a  
d e s t r u c t i v e  f i r e .  This  f i r e  des t royed  
t h e  te lephone  cab l e ,  and t h e  underground 
d i a l  t e lephone  system could no t  be used 
f o r  emergency personnel  evacuat ion.  This  
p o i n t s  ou t  t h e  b a s i c  weakness t h a t  t e l e -  
phone systems wi thout  loopback pa ths  have 
d u r i n g  a  r e a l  d i s a s t e r  s i t u a t i o n ,  

Loudspeaking Paging Phone--Carrier Phone 
System 

C a r r i e r  phones i n s t a l l e d  a t  t h e  mine 
i n c l u d e  s i x  10-year-old u n i t s  and t h i r -  
t e e n  14-month-old u n i t s ,  a l l  w i t h  88-kHz 
c e n t e r  frequency. The mine personne l  
p l a n  t o  r e p l a c e  t h e  o l d e r  c a r r i e r  models 
w i t h  new models i n  t h e  nea r  f u t u r e .  The 
c a r r i e r  phone t o  paging phone couple r  (an  
a p p l i c a t i o n  t h a t  cannot be used w i th  an 
i n t r i n s i c a l l y  s a f e  phone system) i s  of 
s t a n d a r d  manufacture,  and a u x i l i a r y  
speake r s  a r e  used w i t h  t h e  paging phones 
where t h e  need a r i s e s .  The loudspeaking 
paging phones communicate through a  p a i r  
of  w i r e s  from t h e  25-pair t e lephone  
c a b l e ,  and t h e  c a r r i e r  phones u se  t h e  dc  
t r o l l e y  wires f o r  t h e i r  s i g n a l  paths .  

With t h e  except ion  of s e r v i c e  prob- 
lems wi th  t h e  o l d e r  c a r r i e r  phones, a l l  
c a r r i e r  and paging phones a r e  of good 

q u a l i t y ,  a r e  ho ld ing  up we l l ,  and a r e  
apparen t ly  being proper ly  used by working 
personnel .  However, t h e r e  is  a  problem 
a s s o c i a t e d  wi th  t h e  c a r r i e r  phones com- 
municating from c e r t a i n  dead zones i n  t h e  
mine t o  t h e  su r f ace .  Another problem 
wi th  t h e  c a r r i e r  phones was t h a t  t h e  
b a t t e r y  had t o  be s e r v i c e d  every 30 days 
and mine personne l  s a i d  t h i s  was excess-  
ive .  Also, t h e  mine o f f i c i a l s  i n d i c a t e d  
t h a t  t h e  r i n g f e d  t r o l l e y  r e c t i f i e r s  added 
r e c e i v e r  no i s e  and t h a t  a d d i t i o n a l  rec-  
t i f i e r  l i n e  f i l t e r i n g  helped but d i d  . 
not  e l i m i n a t e  t h e  l o c a l  problem when 
t h e  t r o l l e y  was near  t h e  r e c t i f i e r  
s t a t i o n s .  

Ex t e rna l  aud io  no i s e  and r e p l a c i n g  
t h e  i n t e r n a l  b a t t e r y  approximately every 
90 days were t h e  most annoying problems 
a s s o c i a t e d  w i th  t he  loudspeaking paging 
phones. 

Although t h e  two systems a r e  e l e c -  
t r i c a l l y  t i e d  t o g e t h e r ,  t h e  loudspeaking 
paging phone was p r imar i l y  used t o  reach  
t h e  working s e c t i o n  and t h e  c a r r i e r  phone 
was used f o r  r i g h t  of way, p l ac ing  loads  
and empties ,  personnel  l o c a t i o n ,  and 
r eques t i ng  supp l i e s .  When t h e  t r o l l e y -  
mounted c a r r i e r  phone was used f o r  s e l f -  
t r a f f i c  c o n t r o l ,  t h e  ope ra to r  would twice  
g ive  h i s  l o c a t i o n  and d e s t i n a t i o n  and 
t hen  proceed t o  h i s  f i n a l  d e s t i n a t i o n .  
Although t h i s  method of t r a f f i c  c o n t r o l  
worked f o r  t h i s  mine, an  improvement 
could be s e e n  u s i n g  a  d i spa t che r .  

Tape record ings  f o r  a  f i r s t  8-hour 
work s h i f t  survey show t h a t  t h e  most f r e -  
quent c a l l  made was concerned w i th  r i g h t  
of way. Also, i t  was noted t h a t  ou t  of 
t h e  t o t a l  296 c a l l s  on t h e  t r o l l e y  and 
pager system, only 8  were on t h e  pager. 
By l i s t e n i n g  t o  t a p e  record ings  of both 
t h e  pager and t h e  c a r r i e r  phone s imul ta -  
neously,  i t  w a s  d iscovered t h a t  78 c a l l s  
ou t  of t h e  296 were no t  heard  on t h e  ou t -  
s i d e  t r o l l e y  c a r r i e r  phone. It was a l s o  
found t h a t  t h e  t rol ley- to-pager  hookup 
f a i l e d  on 12 occasions.  The a c t u a l  f a i l -  
u r e  of t h e  couple r  t o  f u n c t i o n  on some 
s i g n a l s  and t h e  propagat ion dead zones 
were major problems a s s o c i a t e d  w i t h  t h i s  
system. 



During t h e  f i r e  p rev ious ly  men- 
t i o n e d ,  t h e  c a r r i e r  phones were t h e  only 
commnica t ion  t h a t  worked through t h e  
evacuat ion.  The te lephone  w i r e  was 
fu sed ,  and commnica t ion  was no t  p o s s i b l e  
u s i n g  t h e  d i a l  system. However, t h e  ca r -  
r i e r  phones could and d i d  ope ra t e ,  u s i n g  
t h e i r  i n t e r n a l  b a t t e r i e s ,  through t h e  
f i r e .  Although t h e  loudspeaking phones 
were n o t  i n  widespread s e r v i c e  at  t h e  
t i m e  of t h e  f i r e ,  t h e i r  l i n e  would have 
a l s o  been fused ,  making them i n o p e r a t i v e  
i f  and when needed. 

Comrmnications Requirements--User's - 
Viewpoint 

Mine personne l  i n d i c a t e d  t h a t  t h e  
most u rgen t  commnica t ion  requirement was 
t h e  e l i m i n a t i o n  of dead zones i n  t h e i r  
t r o l l e y  c a r r i e r  phone system. 

Communication between t h e  s h u t t l e  
c a r s  and from t h e  s h u t t l e  c a r s  t o  t h e  
cont inuous miner was a l s o  thought  t o  be 
u s e f u l .  However, t h e r e  was appa ren t l y  no 
g r e a t  need o r  requirement f o r  t h i s  t ype  
of comrmnication. 

P o r t a b l e  two-way w i r e l e s s  commnica- 
t i o n  f o r  t h e  maintenance foreman, f i r e  
boss ,  miners on t h e  weekend i n s p e c t i o n ,  
and working s e c t i o n  foreman was no ted  a s  
a p o s s i b l e  requirement.  I f  p o r t a b l e  two- 
way w i r e l e s s  equipment c o s t s  were h igh ,  
t h e  maintenance foreman, rov ing  super-  
v i s o r s ,  and key personnel  could u se  a 
one-way pager. However, mine personnel  
d i d  n o t  cons ider  equipping a working sec-  
t i o n  w i t h  a one-way pager s i n c e  a working 
s e c t i o n  foreman mostly communicates 
o u t  from h i s  l o c a t i o n  and i s  seldom 
c a l l e d  from o t h e r  s e c t i o n s  o r  s u r f a c e  
l o c a t i o n s .  

A requirement e x i s t e d  f o r  b a t t e r y -  
opera ted  p o r t a b l e  emergency commnica- 
t i o n s  t h a t  could be moved w i th  t h e  miners 
a s  t h e  working s e c t i o n  moved. This  
requirement became ev iden t  du r ing  t h e  
f i r e ,  when i t  would have been u s e f u l  dur- 
i n g  t h e  emergency and recovery e f f o r t s .  
Also no ted  was t h e  f a c t  t h a t  i f  t h e  num- 
b e r  of working s e c t i o n s  increased ,  

t h e  mine may economically j u s t i f y  a 
dispa. tcher .  

Communication Requirements--Based 
on Su.rvey Analys i s  -- 

This  mine i s  unique i n  t h a t  i t  has  a 
d i a l  t e lephone  system, a pager system, 
and a c a r r i e r  phone system. The mine, a s  
configured,  has  no need f o r  a d d i t i o n a l  
channels ,  p r i v a t e  channels ,  o r  t h e  capa- 
b i l i t y  t o  i n t e r connec t  t o  t h e  p u b l i c  
phone s i n c e  t h e  d i a l  t e lephone  has  a l l  
t h e s e  c a p a b i l i t i e s .  

From t h e  t r a f f i c  d e n s i t y  seen  on t h e  
pager phone and t r o l l e y  c a r r i e r  phone 
system, only two a d d i t i o n a l  channels can 
be j u s t i f i e d  t o  g e t  t h e  p r o b a b i l i t y  of 
blocking t o  t h e  1% l e v e l .  However, only 
3% of t h i s  communications i s  from t h e  
pager phone system, and t h e  v e h i c l e  com- 
munication system must be s ingle-channel  
ope ra t i on  f o r  s a f e t y  reasons.  Therefgre ,  
t h e r e  e x i s t s  no j u s t i f i c a t i o n  f o r  add i -  
t i o n a l  channels  f o r  t h e  pager phone. 
Using; t h i s  a n a l y s i s  and t h e  needs gener- 
a t e d  by t h e  mine personnel ,  t h e  fo l l owing  
l i s t  was developed t o  r ep re sen t  commni- 
c a t i o n  requirements  f o r  t h i s  mine. 

a. R e l i a b l e  two-way v e h i c l e  
commnicat ion.  

b. A d i s p a t c h e r  wi th  commnica t ion  
c e n t e r  i f  t h e  mine i n c r e a s e s  apprec iab ly  
i n  s i z e .  

c. Po r t ab l e  two-way w i r e l e s s  com- 
munic.ation f o r  working s e c t i o n  foreman, 
maintenance foreman, and key personnel.  

d. Po r t ab l e  bat tery-operated com- 
munic.ation equipment f o r  mine-to-surf a r e  
cmerglency two-way commnication. 

A.5 Mine D 

Mine Desc r ip t i on  

Mine D was opened i n  1892. Even 
though t h e  mine i s  o l d ,  they a r e  s t i l l  
developing i n  some a r ea s .  A t  p r e sen t  
they  have e i g h t  s e c t i o n s  on development 



and f i v e  on r e t r e a t .  It i s  es t imated  
t h a t  t h e r e  a r e  15 yea r s  of mining l e f t .  

The mine i s  en t e r ed  through one of 
two d r i f t  mouths. A v e r t i c a l  s h a f t  i s  
a v a i l a b l e  but  i s  seldom used. The mine 
produces approximately 4,500 tons  of c o a l  
a day by t h e  convent ional ,  cont inuous,  
and longwall  mining methods i n  t h e  f o l -  
lowing percentages:  

F i r s t  s h i f t :  
Conventional................ 18 
Continuous.................. 35 
Longwall.................... 10 

Other shifts. . . . . . . . . . . . . . . . . .  37 - 
Total.................... 100 

The c o a l  i s  removed from t h e  mine by 
t r a c k  t o  t h e  c l ean ing  p l a n t  about 2 mi l e s  
from t h e  mine. The mine has  an  annual  
p roduct ion  of about 1,300,000 tons.  

The mine i s  7 mi l e s  by 5 mi l e s  and 
has  overburden from 300 f e e t  t o  800 f e e t .  
A l l  haulage tunne ls  a r e  a t  l e a s t  6 f e e t  
high by 1 8 f e e t .  There i s  n o a v e r a g e  
s i z e  f o r  a working s e c t i o n ;  some a r e  a s  
much a s  3,000 f e e t  i n  length.  This  
r e q u i r e s  t h a t  c o a l  be removed from t h e  
working f a c e  t o  t h e  t r a c k  by b e l t .  The 
b e l t  i s  36 inches  i n  width,  and t h e  mine 
has  approximately 25,000 f e e t  of b e l t .  
I f  t h e  d i s t a n c e  i s  s h o r t  ( l e s s  than  
500 f e e t ) ,  i t  i s  p o s s i b l e  t o  dump c o a l  
from t h e  s h u t t l e  c a r  d i r e c t l y  i n t o  t h e  
c o a l  car .  

E ight  37-ton locomotives a r e  used t o  
remove t h e  coal .  The mine has 30 mi les  
of t r a c k  underground a t  p resen t .  Eight  
boreholes  a r e  used t o  provide access  f o r  
13,800-volt-ac,  three-phase,  c ab l e s  t o  
t h e  mine. Roof c o n t r o l  i s  obta ined  by 
t h e  u se  of roof b o l t s  ranging  i n  l e n g t h  
from 42 inches  t o  8 o r  9 f e e t .  

Owing t o  t h e  amount of t r a c k  and 
l ayou t  of t h e  mine, i t  i s  necessary t o  
have two d i spa t che r s .  This  mine i s  a l s o  
engaged i n  s t r i p  mining a t  var ious  loca-  
t i o n s  d i r e c t l y  above t h e  mine. This  c o a l  

i s  taken t o  t h e  same c lean ing  p l a n t  a s  is  
t h e  c o a l  mined underground. This 
r e q u i r e s  t h a t  d i spa t che r  1 d i spa t ch  
r igh t -of -way o u t s i d e  a s  w e l l  a s  
underground. 

The mine employs a t o t a l  of 675 men 
and works t h r e e  8-hour s h i f t s  each day, 
wi th  t h e  major product ion done on t h e  
f i r s t  s h i f t .  The s t a r t  and end of each 
s h i f t  and t h e  t o t a l  men working fol low: 

F i r s t  s h i f t :  6:45a.m. t o  3p.m.-- 
308 men 

Second s h i f t :  3:30 p.m. t o  
11:45 p.m.--216 men 

Third s h i f t :  12:15 a.m. t o  
8:30 a.m.--151 men 

Mine Equipment and Power 

Power i s  provided by t h e  power com- 
pany a t  138,000 v o l t s  ac. This  i s  then  
s tepped down t o  13,800 v o l t s  a c  and d i s -  
t r i b u t e d  t o  e i g h t  boreholes ,  where i t  i s  
taken underground. A t  some poin t  under- 
ground i t  is  converted t o  250 v o l t s  dc, 
550 v o l t s  dc, o r  440 v o l t s  a c  th ree-  
phase,  depending on t h e  equipment being 
used on t h e  s e c t i o n  and l o c a t i o n  i n  t h e  
mine. One of t h e  reasons f o r  t h i s  is  
t h a t  from t h e  o u t s i d e  t o  d i s p a t c h e r  2, 
t h e  mine uses  550 v o l t s  dc on t h e  
t r o l l e y .  Then branching out  from d i s -  
pa tcher  2, t h e  mine uses  250 v o l t s  dc on 
t h e  t r o l l e y .  The 440 v o l t s  a c  i s  used i n  
both a reas .  

The power provided t o  s e c t i o n s  var- 
ies according t o  t h e  type  of equipment 
used. There a r e  cases  where, on t h e  same 
s e c t i o n ,  250 v o l t s  dc  o r  550 v o l t s  dc 
must be provided f o r  t h e  s h u t t l e  c a r s ,  
and 440 v o l t s  a c  provided f o r  t h e  miner. 
Both longwalls r e q u i r e  440 v o l t s  ac ,  a s  
do some of t h e  newer continuous miners. 
There a r e  a l s o  battery-powered scoops on 
some sec t ions .  They a r e  used f o r  c lean-  
i n g  t h e  s e c t i o n  and hau l ing  supp l i e s .  



The mine a t  p r e s e n t  u s e s  t h e  fol low- 
i n g  equipment: 

Continuous miners--8 

Loading machines--5 

Longwalls ( 1  plow, 1  shear)--2 

C u t t i n g  machines--3 

S h u t t l e  cars--29 

P r e s e n t  Mine Communications 

A t  p r e s e n t ,  t h e  mine communication 
sys tem c o n s i s t s  of a  magnetophone system,  
c a r r i e r  phone system,  and loudspeaking 
phones. 

The loudspeaking phones a r e  used 
o n l y  on t h e  longwal l s .  C a r r i e r  phones 
a r e  p laced  on most of t h e  t r a c k  v e h i c l e s .  
A t  t h e  c l e a n i n g  p l a n t  a  60-watt a m p l i f i e r  
i s  used a s  a  p u b l i c  a d d r e s s  system c a l l -  
i n g  14 s t a t i o n s ,  each of which has  a  
microphone and speaker .  

Each d i s p a t c h e r  i s  r e s p o n s i b l e  f o r  
c a r r i e r  phone and magnetophone c o n t r o l  i n  
h i s  a r e a  of t h e  mine. The two d i s p a t c h -  
e r s  must c o n s u l t  w i t h  each  o t h e r  when 
r o u t i n g  t r a f f i c  toward e a c h  o t h e r .  Typi- 
c a l l y ,  t h e  t e l e p h o n e  network having d i s -  
p a t c h e r  2  a s  i t s  c o n t r o l  p o i n t  has  
h e a v i e r  t r a f f i c  of a  more v a r i e d  n a t u r e  
t h a n  t h a t  of d i s p a t c h e r  1. 

During t h e  b u s i e s t  p e r i o d  of t h e  
s h i f t ,  t h e  f o u r t h  hour ,  t h e  b u s i e r  t r u n k  
was used 70% of t h e  t ime. Th is  t h r e e -  
channe l  t r a f f i c  i n t e n s i t y  i m p l i e s  t h a t  
t h e r e  i s  a  30% chance of g e t t i n g  a  busy 
s i g n a l  on any g i v e n  c a l l .  Th i s  is  con- 
s i d e r a b l y  worse t h a n  t h e  one chance i n  a  
thousand of commercial t e l ephone  s t a n -  
d a r d s .  A s ix -channe l  network would be 
r e q u i r e d  t o  b r i n g  t h e  system t o  commer- 
c i a l  s t a n d a r d s .  

There  have been no major emergencies  
a t  t h e  mine t o  t e s t  t h e  e x i s t i n g  system. 
It i s  p o s s i b l e  t h a t  a  roof f a l l  could  
b reak  t h e  phone l i n e  and c u t  o f f  communi- 
c a t i o n s  t o  t h e  o u t s i d e  f o r  some a r e a s  of 

t h e  mine. I n  t h e  c a s e  of an  a c c i d e n t  t h e  
s e c t i o n  n o t i f i e s  t h e  d i s p a t c h e r ,  who 
i n  t:urn c a l l s  mine management on t h e  
outsi.de. 

Telephone Sys tem 

The mine has  77 magneto t e l e p h o n e s ,  
60 of which a r e  underground. These 
phones a r e  approximately  30 y e a r s  o ld .  
They u s e  s imple  t w i s t e d - p a i r ,  No. 14 w i r e  
f o r  t h e  phone c i r c u i t .  

The phones a r e  u s u a l l y  mounted on 
wood t h a t  i s  connected,  i n  some manner, 
t o  t h e  r o o f .  They a r e  placed a t  loca-  
t i o n s  a long  t h e  main haulage.  Phones on 
t h e  s e c t i o n  a r e  l o c a t e d  a t  t h e  head and 
t a i l p i e c e  of t h e  b e l t .  These phones a r e  
n o t  p e r m i s s i b l e .  

The d i s p a t c h e r s  a r e  t h e  h e a r t  of t h e  
phone system. Dispa tcher  1  i s  respon- 
s i b l e  f o r  t h e  o u t s i d e  phones and f o r  
underground phones 1  t o  20. Dispa tcher  2  
has  phones 20 t o  60. I f  a  person wished 
t o  call1 o u t s i d e  from say phone 57, he 
would. have t o  r i n g  d i s p a t c h e r  2. D i s -  
patchler 2  would t h e n  c a l l  d i s p a t c h e r  1 ,  
who would r i n g  o u t s i d e ,  t h e n  connect t h e  
l i n e s .  

S ince  t h e  phones a r e  a  r i n g e r  t y p e ,  
each  s t a t i o n  must have a  c e r t a i n  r i n g .  
It sh~ould  be k e p t  i n  mind t h a t  t h e  c i r -  
c u i t s  f o r  t h e  two d i s p a t c h e r s  a r e  sepa- 
r a t e d .  There fore ,  each  d i s p a t c h e r  could  
u s e  t h e  same r i n g  combinat ions .  

Recordings and cor responding  analy-  
sis of t h e  t r a f f i c  on t h e  phone system 
shows t h a t  t h e r e  a r e  p e r i o d s  when t h e  
system i s  used 70% of t h e  t ime and t h a t  
t h e  sys tem i s  over loaded a t  t imes .  

T r o l l e y  C a r r i e r  Phone System 

The c a r r i e r  phones a r e  mounted on 
most of t h e  t r a c k  v e h i c l e s .  The f a c t  
t h a t  t h e  mine u s e s  250 v o l t s  dc  and 
550 v o l t s  dc on t h e  t r o l l e y  r e q u i r e s  t h e  
use  of two d i f f e r e n t  c a r r i e r  phones. 
They have twelve 250-volt ,  163-kHz 
t r o l l e y  phones and twenty-eight  550- 
v o l t ,  100-kHz phones. Both tube and 



t r a n s i s t o r i z e d  v e r s i o n s  a r e  used. The 
t u b e  t y p e  i s  20 y e a r s  o l d ,  and t h e  t r a n -  
s i s t o r i z e d  type  i s  12 y e a r s  o ld .  The 
t r a n s i s t o r i z e d  u n i t s  a r e  equipped w i t h  a 
12-vol t  b a t t e r y ,  s o  t h a t  they  w i l l  s t i l l  
o p e r a t e  shou ld  t h e  power i n  t h e  mine go 
o f f .  

Pager Phones 

Pager phones a r e  used on t h e  long- 
w a l l s  and on t h e  o u t s i d e  of the  mine. 
The pager  phones a r e  mounted on J-hooks 
f rom t h e  roof s u p p o r t  j acks .  Wires a r e  
hung from t h e  roof s u p p o r t s  f o r  t h e  
phones. Rocks f a l l i n g  between t h e  j a c k s  
have caused t h e  l i n e  t o  b r e a k ,  caus ing  a 
p o t e n t i a l  s a f e t y  hazard  due t o  i n t e r -  
r u p t e d  communication. The reason  f o r  
t h i s  i s  t h e r e  i s  no way of h e a r i n g  a r i n g  
on  t h e  pager  system. There a r e  10 pagers  
on t h e  plow and 5 on t h e  shear .  The 
phones a r e  10 y e a r s  o ld .  The mine per- 
s o n n e l  f e l t  t h a t  t h e  phones were m i s -  
t r e a t e d  by man and environment ,  and t h a t  
was t h e  r e a s o n  f o r  f a i l u r e s .  

Fan Moni tors  

The s i z e  of t h e  mines r e q u i r e s  t h a t  
t h e  f a n s  be l o c a t e d  a t  g r e a t  d i s t a n c e s  
f rom t h e  maintenance shop. The f a n s  a r e  
moni tored by send ing  a s i g n a l  over  t h e  
h igh-vo l tage  l i n e s ,  which is monitored a t  
t h e  o u t s i d e  shop. The f i v e  f r e q u e n c i e s  
used  (one f o r  e a c h  f a n )  a r e  39,  116, 47 ,  
61 ,  and 33 kHz. 

Communication Requirements--User ' s 
Viewpoint 

The phone system performed very 
w e l l  c o n s i d e r i n g  i t s  age. However, t h e  
changes  i n  humidi ty  caused some problems. 
There  was a l s o  a problem w i t h  having t o  
walk l o n g  d i s t a n c e s .  The phones a r e  n o t  
p e r m i s s i b l e ;  t h i s  l i m i t s  how c l o s e  t o  t h e  
working f a c e  t h e y  can  be p l a c e d  and o f t e n  
r e q u i r e s  t h a t  a n  i n d i v i d u a l  walk a s  much 
a s  500 f e e t  t o  r e a c h  one. 

Mine p e r s o n n e l  f e l t  t h a t  w i r e l e s s  
communications of some t y p e  would be of 
h e l p  on a s e c t i o n .  The foreman and t h e  
mechanic a r e  t h e  two most sought  a f t e r  

i n d i v i d u a l s  on t h e  s e c t i o n .  The mine 
personne l  were of t h e  o p i n i o n  t h a t  com- 
municat ions  t o  t h o s e  two men would be 
d e s i r a b l e .  

The maintenance foreman and mas te r  
mechanic f e l t  t h a t  p o r t a b l e  two-way com- 
municat ions  would d e c r e a s e  t h e  time 
needed t o  l o c a t e  them. P o r t a b l e  communi- 
c a t i o n s  a r e  a l s o  d e s i r e d  f o r  t h e  super-  
v i s o r y  personne l  ( s u p e r i n t e n d e n t ,  mine 
foremen, and maintenance foremen).  A t  
t h e  same t ime a p r i v a t e  l i n e  was 
r e q u e s t e d  f o r  t h e  phone system f o r  super-  
v i s o r y  personnel .  

The s a f e t y  depar tment  pe rsonne l  sug- 
g e s t e d  t h a t  remote moni to r ing  of t h e  mine 
c o n d i t i o n s  would h e l p  i n c r e a s e  s a f e t y  f o r  
t h e  e n t i r e  mine. It was sugges ted  t h a t  a 
p r i v a t e  channel  d i r e c t l y  t o  t h e  o u t s i d e  
f o r  emergency u s e  would d e c r e a s e  t h e  t ime 
r e q u i r e d  t o  g e t  h e l p  from t h e  o u t s i d e .  
This  p r i v a t e  channel  would a l s o  i n s u r e  
t h a t  t h e  occur rence  of an  a c c i d e n t  would 
not  be heard  by men on o t h e r  s e c t i o n s .  

There should be a s e c u r e  channel  
open a t  a l l  t i m e s ,  from any phone under- 
ground, t o  some c e n t r a l  communications 
c e n t e r  aboveground. It i s  no t  necessa ry  
t h a t  t h i s  l i n e  be connected t o  t h e  com- 
m e r c i a l  phone system. S ince  t h e .  mine 
management a r e  t h e  f i r s t  t o  be n o t i f i e d  
i n  c a s e  of a n  emergency, they  i n  t u r n  can 
c a l l  whomever i s  needed. I n  a mine t h i s  
s i z e  t h e  t ime saved by p l a c i n g  t h e  c a l l  
from underground t o  t h e  commercial system 
f o r  a s s i s t a n c e ,  t h e n  n o t i f y i n g  manage- 
ment, would be of l i t t l e  he lp .  

Communications Reauirements--Based 
on Survey Ana lys i s  

Th is  mine has  some communication 
problems t h a t  are r e l a t e d  on ly  t o  t h e  
extreme age of t h e  equipment used. How- 
e v e r ,  problems due t o  t h e  l a r g e  s i z e  of 
t h e  mine may be t y p i c a l  of o t h e r  l a r g e  
mines. 

Signal- to-noise  r a t i o  (SNR) c a u s e s  
problems when t a l k i n g  g r e a t  d i s t a n c e s  ( 5  
t o  10 m i l e s ) .  A new system must s t a r t  
by improving SNR on long-d i s tance  



conve 
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r a t i o n s ,  which may be t y p i c a l  of 
l a r g e  mines. 

An a n a l y s i s  of t h e  t e lephone  t r a f f i c  
d e n s i t y  i n d i c a t e s  t h a t  t h r e e  more chan- 
n e l s  ( t o t a l  s i x  c h a n n e l s )  would make t h e  
sys tem comparable t o  a n  e s t i m a t e d  mine 
s t a n d a r d  of 1 i n  a 100 chances  of g e t t i n g  
a busy s i g n a l .  

A d i a l  sys tem i s  recommended f o r  
t h i s  mine. A m u l t i p a i r  o r  m u l t i p l e x  
sys tem would h e l p  t o  l e s s e n  t h e  l o a d  of 
t h e  d i s p a t c h e r  and cou ld  a l s o  p rov ide  t h e  
c a p a b i l i t y  f o r  confe rence  c a l l s .  These 
systems a l s o  p r o v i d e  t h e  channel  p r i v a c y  
r e q u e s t e d  by mine management, For s a f e t y  
r e a s o n s ,  t h e  t r o l l e y  c a r r i e r  phone system 
shou ld  remain one channel .  

Using t h e  above a n a l y s i s  and t h e  
s u g g e s t i o n s  of mine management, t h e  f o l -  
lowing l i s t  of improvements was d e r i v e d :  

a. R e l i a b l e  two-way v e h i c l e  system. 

b. A t o t a l  of a t  l e a s t  s i x  channe l s  
t o  meet minimum s t a n d a r d s .  

c .  A t  l e a s t  one s e c u r e  channel.  

d. P o r t a b l e  two-way w i r e l e s s  com- 
munica t ions  f o r  c e r t a i n  key personne l ,  

e .  Ba t te ry -opera ted  communications 
equipment t h a t  w i l l  work d u r i n g  a n  
emergency, 

f .  A communications c e n t e r  l o c a t e d  
a t  d i s p a t c h e r .  

A . 6  Mine E 

Mine D e s c r i p t i o n  

Mine E has  a d r i f t  e n t r y  i n  a 5.5- 
f o o t  s o f t  c o a l  seam. The working sec- 
t i o n s  a r e  p r e s e n t l y  3.5 m i l e s  i n  from t h e  
e n t r a n c e ,  w i t h  t h e  p o s s i b i l i t y  of eventu-  
a l l y  working a t  twice  t h i s  d i s t a n c e .  
Mining a t  t h e  p r e s e n t  r a t e  g i v e s  t h e  mine 
a l i f e  of from 30 t o  40 years .  The mine 
o p e r a t e s  two longwal l s  about  500 f e e t  
wide and w i l l  t r a v e l  a range of 
3 ,500 f e e t .  New t o  mining i n  t h i s  a r e a  

i s  t h e  " s t a l l  machine" used a t  t h e  t a i l  
end of t h e  plow longwal l  t o  g i v e  b e t t e r  
roof c o n t r o l .  Th i s  machine i s  a l i m i t e d  
t r a v e l  s h e a r  t h a t  l e a v e s  a c l e a n e r  end on 
t h e  longwal l  t h a n  t h e  plow. About one- 
t h i r d  of t h e  mining i s  by longwal l ,  one- 
t h i r d  i s  c o n v e n t i o n a l ,  and t h e  l a s t  t h i r d  
i s  cont inuous .  The number of working 
s e c t i o n s  f o r  e a c h  t y p e  of mining fo l lows :  

1s t 2d 
s h i f t  s h i f t  

Conventional. . . . . . .  2 
 continuous....,,,.^ 2 
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Only a s m a l l  amount of mining i s  
done d u r i n g  t h e  maintenance o r  t h i r d  
s h i f t ,  The mine i s  s m a l l  enough t h a t  
t h e r e  i s  no underground maintenance shop, 
Hence, r e p a i r s  t h a t  cannot  be made a t  
t h e  s i t e  of t h e  f a i l u r e  must be made 
o u t s i d e .  

Coal i s  moved from t h e  f a c e  by 
s h u t t l e  c a r  excep t  on t h e  l o n g w a l l s ,  
where i t  goes d i r e c t l y  t o  b e l t ,  Local  
b e l t  hau lage  i s  used between t h e  s h u t t l e  
c a r s  and t r a c k e d  c a r s  on t h e  main l i n e .  
The l o n g e s t  b e l t  run  i s  4 ,500 f e e t .  

During t h e  f i r s t  s h i f t  t h e r e  a r e  no 
i d l e  s e c t i o n s  s o  t h e r e  i s  no need f o r  
maintenance crews when each  s e c t i o n  crew 
has  i t s  own mechanic, E x t r a  mechanics 
work a long  t h e  main l i n e  d u r i n g  t h i s  
s h i f t  and h e l p  s e c t i o n  mechanics when 
needed. 

During t h e  t h i r d  s h i f t ,  when few 
s e c t i o n s  a r e  working,  t h e r e  a r e  t h r e e  
maintenance crews whose s p e c i f i c  j o b  
i s  t o  work on equipment a t  t h e  i d l e  
s e c t i o n s ,  

Mine Equipment and Power 

Power is  f e d  t o  t h e  m a i n l i n e  t r o l l e y  
w i r e  a t  250 v o l t s  d c  by f o u r  r e c t i f i e r s ,  
There a r e  deadblocks  between t h e  f o u r  
s e c t i o n s  of t r o l l e y  w i r e  s o  t h a t  each 
r e c t i f i e r  s u p p l i e s  power t o  only  one 
s h o r t  l e n g t h  of wire .  A l l  face-mining 
equipment i s  a c  o p e r a t e d  s o  t h e r e  is  no 



need t o  have n i p  p o i n t s  from t h e  t r o l l e y  
l i n e .  

R a t h e r  thari u t i l i z i n g  power bore- 
h o l e s ,  7 ,200-vol t  a c  power i s  brought  i n  
a l o n g  t h e  m a i n l i n e ,  up t o  t r a n s f o r m e r s  a t  
t h e  working s e c t i o n s .  There t h e  v o l t a g e  
i s  s t e p p e d  down t o  440 v o l t s .  Thus a s  
t h e  s e c t i o n s  advance,  t h e  t r a n s f o r m e r s  
must be moved t o  f o l l o w .  

The on ly  power ou tages  have been due 
t o  s to rms  o r  h u n t e r s  s h o o t i n g  t r ans fo rm-  
e r s  on t h e  power company's d i s t r i b u t i o n  
sys tem.  Outs ide  t h e r e  a r e  two h igh  l i n e s  
f e e d i n g  t h e  mine ' s  s i n g l e  s u b s t a t i o n .  

Should t h e r e  be a  power i n t e r r u p t i o n  
w i t h i n  t h e  mine, t h e  s u b s t a t i o n  a t t e n d a n t  
w i l l  check by t e l ephone  w i t h  t h e  s e c t i o n s  
b e f o r e  r e e n e r g i z i n g  t h e  d i s t r i b u t i o n  
sys tem.  

P r e s e n t  Mine Communications 

Telephone System 

Pager  phones a r e  used  i n  a  network 
of  11 phones a l o n g  t h e  t r a c k  th roughout  
t h e  mine,  p l u s  a  phone i n  t h e  d i s -  
p a t c h e r ' s  o u t s i d e  o f f i c e  and one a t  t h e  
communication r e p a i r  s t a t i o n  i n  t h e  shop.  
Tape r e c o r d i n g s  made d u r i n g  an  $-hour 
s h i f t  i n d i c a t e  t h a t  t h e r e  were 160 d i s -  
c u s s i o n s  concern ing  t h e  l o c a t i o n  and 
movement of empty and loaded  c o a l  c a r s .  
For t h e  nex t  most comnon t o p i c ,  t h e r e  
were n e a r l y  80 d i s c u s s i o n s  concerned w i t h  
t h e  p r o d u c t i o n  of mined c o a l .  Col lec-  
t i v e l y  t h e  o t h e r  s u b j e c t s  ( r e p o r t i n g ,  
p e r s o n n e l  l o c a t i o n ,  maintenance,  e t c . )  
add up t o  about  80,  s o  no one of them is  
a  s i g n i f i c a n t  u s e r  of channel  c a p a c i t y .  
A n a l y s i s  showed t h a t  e a r l y  i n  t h e  s h i f t ,  
and j u s t  b e f o r e  t h e  end,  t h e  phones a r e  
used  a s  much a s  50X of t h e  t ime.  Th i s  
p l a c e s  t h e  p r o b a b i l i t y  of a  p o t e n t i a l  
c a l l e r  f i n d i n g  a  busy l i n e  a t  one chance 
i n  two d u r i n g  t h e s e  p e r i o d s .  

The loudspeaker  t e l e p h o n e s  have an  
a v e r a g e  age  of about  4  y e a r s .  Rock d u s t  
does  s e e p  i n  through t h e i r  c a s e s ,  bu t  t h e  
u s e r s  and maintenance men r e p o r t  t h e r e  
are few f a i l u r e s  and t h e s e  f a l l  i n  no 

c o n s i s t e n t  p a t  t e r n .  The people  i n t e r -  
viewed could  g i v e  no s u g g e s t i o n s  on how 
t h e  phone system--the one f o l l o w i n g  t h e  
track--could be improved. There a r e  sev- 
e r a l  r easons  t h a t  cou ld  be c o n t r i b u t i n g  
t o  t h e i r  s a t i s f a c t i o n :  

a .  The phones a r e  r e l a t i v e l y  new. 

b. The phone network i s  no t  l a r g e .  

c. The t ime and t a l e n t  s p e n t  on 
m a i n t a i n i n g  t h e  sys tem a r e  g r e a t .  

d m  The equipment s u p p l i e r  gave them 
much h e l p  i n  s e t t i n g  up t h e i r  sys tems.  

e m  The c h a r a c t e r i s t i c s  of t h e  phone 
l i n e s  a r e  good. 

The t e l ephone  network i s  such t h a t  
anyone on a  working s e c t i o n  i s  never  more 
t h a n  350 f e e t  from a  phone. They f e e l  
t h i s  i s  adequa te  and t h a t  having a  phone 
any c l o s e r  would n o t  r e a l l y  be of more 
va lue .  Other  phone l o c a t i o n s  a r e  t h e  
boom and t a i l p i e c e  of every  b e l t ,  p l u s  
f o u r  i n  t h e  escapeway. No a l lowance h a s  
been made f o r  emergency usage i n  t h e  
s e n s e  t h a t ,  shou ld  a  t e l ephone  l i n e  be 
broken, t h e r e  i s  no loopback t o  c a r r y  t h e  
s i g n a l .  

C a r r i e r  Phone System 

The c a r r i e r  phone i s  a  72-kHz sys tem 
t h a t  u s e s  t h e  t r o l l e y  power l i n e  t o  c a r r y  
t h e  s i g n a l s .  Even though t h i s  i s  a  
f a i r l y  s m a l l  mine, they  d i d  e x p e r i e n c e  
dead zones of unaccep tab ly  low s i g n a l  
s t r e n g t h  i n  c e r t a i n  a r e a s .  

The d i s p a t c h e r  has  an  o u t s i d e  d i a l  
phone a s  w e l l  a s  a  speaker  phone, s o  he 
s e r v e s  a s  a  message r e l a y  c e n t e r  and 
i n f o r m a t i o n  c e n t e r  a s  w e l l  a s  a  d i s -  
p a t c h e r .  The communications maintenance 
a r e a  of t h e  shop a l s o  has  a  t r o l l e y  ca r -  
r i e r  phone t o  a i d  t h e  maintenance people  
i n  s e r v i c i n g  t h e  t r o l l e y  c a r r i e r  phone 
system. The c a r r i e r  phones do n o t  have 
s t o r a g e  b a t t e r y  backup. I f  t h e r e  i s  a  
f a i l u r e  of t r o l l e y  power, c a r r i e r  phone 
communications a r e  l o s t .  



The mine has had a d i spa t che r  f o r  
only t h e  l a s t  2 years .  Before t h a t ,  
motor ope ra to r s  con t ro l l ed  t h e  t r ack  f o r  
themselves. A t  t h a t  time t h e  mine t r i e d  
t y i n g  t h e  telephone system i n  wi th  t h e  
t r o l l e y  phone system ( t h i s  type appl ica-  
t i o n  cannot be used wi th  an  i n t r i n s i c a l l y  
s a f e  te lephone system) but  found i t  only 
added confusion t o  have those  not nea r  
t h e  main l i n e  hear  a l l  t h e  d i scuss ions  of 
t h e  motormen. 

To g e t  t h e  c a r r i e r  s i g n a l  around 
t h e  deadblocks, 2-pF capac i to r s  a r e  used. 

To keep r e c t i f i e r  "hash" out  of t h e  
72-kHz system, L - f i l t e r s  a r e  used a t  each 
r e c t i f i e r  (paragraph 5.3. l a ) .  The f i l t e r  
c o n s i s t s  of a 50-pF capac i to r  ac ros s  a 
r e c t i f i e r ' s  ou tput ,  wi th  a 10-turn, 
heavy-cable c o i l ,  t h e  c o i l  having an 
approximate diameter of 2 f e e t .  The 
manufacturer tuned t h e  f i l t e r  t o  r e j e c t  
7 2-kHz in t e r f e rence .  

CAUTION 

I n s t a l l a t i o n  of equipment i n  a 
mine should be done only by people 
thoroughly q u a l i f i e d  t o  do such work. 
I n s t a l l a t i o n s  should fol low proce- 
dures  recommended by the  equipment 
manufacturer and should comply wi th  
good s a f e t y  p rac t i ce s .  A l l  i n s t a l l a -  
t i o n s  should a l s o  comply wi th  app l i -  
c a b l e  codes and r egu la t ions .  

Longwall Comrmnication System 

The longwall  miner has  i t s  own com- 
munications system c o n s i s t i n g  of seven 
loudspeaking telephones,  one a t  each end 
and t h e  o t h e r  f i v e  equal ly  spaced a long  
t h e  500-foot longwall. These loudspeak- 
i n g  te lephones have no handset and thus  
ope ra t e  i n  t h e  pager mode only ,  wi th  t h e  
loudspeaker s e rv ing  a s  a microphone when 
t h e  push-to-talk but ton i s  pressed. The 
te lephone l i n e s  l i e  i n  t h e  t roughs t h a t  
c a r r y  t h e  hydrau l i c  l i n e s .  A t  one time 
t h e  wires  were hung under t h e  top  p l a t e  
of  t h e  jacks ,  but s l a t e  f a l l i n g  between 
t h e  jacks  kept  breaking t h e  wires .  

S igna l  l i g h t s  a r e  pos i t ioned  along 
t h e  longwall miner s o  t h e  opera tors  can 
coord ina te  t h e i r  e f f o r t s  i f  t h e  phone 
system f a i l s .  The q u a l i t y  of speech 
reproduct ion f o r  t h e  phones was good, and 
t h e  loudspeaker volume was adequate i n  
s p i t e  of t h e  high ambient no i se  of t h e  
miner. 

The only complaint t h e  personnel  had 
was t h a t  t h e  push-to-talk but ton f a i l e d  
o f t en .  This but ton i s m o u n t e d  o n t h e  
recessed f r o n t  f a c e  of t h e  un i t .  The 
phones a t  t h e  ends of t h e  longwall a r e  
mount:ed ho r i zon ta l ly  s o  t h e  recessed 
panel! a c t s  a s  a ca t ch  bas in  f o r  t h e  
watered-down c o a l  dus t  . Evident ly t h e  
d i r e c t i o n a l  p r o p e r t i e s  of t h e  speaker  a r e  
such t h a t  t h i s  mounting is  necessary. 

Comnnllnications Requirements-- - 
User's View -- 

Except f o r  co r r ec t ion  of t he  minor 
probl-ems a l ready  presented,  t h e  mine per- 
sonnel  had l i t t l e  t o  suggest  about new 
comm.nications systems t h a t  would make 
t h e i r  work s a f e r  and more e f f e c t i v e .  
This may be due t o  t h e i r  p resent  system 
being new and seemingly adequate f o r  t h i s  
s i z e  mine, o r  due t o  t h e i r  not  having 
time t o  v i s u a l i z e  how a h igher  c a p a b i l i t y  
system might p r o f i t a b l y  be u t i l i z e d .  

The one d e s i r e  expressed a t  t h i s  
mine was f o r  a s ecu re  channel f o r  seeking  
a i d  f o r  an acc iden t  vict im.  A s  i n  o t h e r  
mines, when an acc ident  i s  being 
repor ted ,  everyone who knows t h e  phone i s  
being used f o r  t h i s  purpose w i l l  l i s t e n  
i f  he can. This lowers t h e  p roduc t iv i ty  
of th.e eavesdropper; t akes  h i s  mind o f f  
h i s  work, making him more acc iden t  prone; 
and worse, loads  t h e  te lephone system s o  
t h a t  t h e  d i spa t che r  can no longer  c l e a r l y  
understand t h e  repor t .  It i s  not  essen- 
t i a l  t h a t  t h e  conversat ion cannot be 
l i s t e n e d  t o ,  j u s t  t h a t  personnel  not 
become aware t h a t  someone i n  a panic  
i s  c a l l i n g  t h e  d ispa tcher .  Personnel 
seldom l i s t e n  i n  on run-of - the-mi l l  
conversat ions.  



Communications Kequirements--Based 
on Survey Ana lys i s  

The e x c e p t i o n a l  h igh q u a l i t y  and t h e  
unusua l  amount of c a r e  g iven  t o  t h e  t e l e -  
phone and c a r r i e r  phone systems l e a v e  
l i t t l e  t o  s u g g e s t  a s  t o  improving t h e s e  
communications means i n  mines s i m i l a r  t o  
t h i s  one. 

T h i s  mine, l i k e  some o t h e r s  v i s i t e d ,  
h a s  a  need f o r  a  s e c u r e  channel  a s  a n  a i d  
i n  e f f e c t i v e l y  h a n d l i n g  i n j u r y  problems, 
and i t  would be d e s i r a b l e  t o  have a  
s e c u r e  management channel.  

B e t t e r  communications c a p a b i l i t y  
would i n c r e a s e  p r o d u c t i v i t y  i n  t h e  long- 
w a l l  mining s e c t i o n s .  F a s t ,  e f f e c t i v e  
hands-free  communication i s  needed by 
o p e r a t i n g  personne l  d u r i n g  bo th  o p e r a t i o n  
and r e p a i r  of t h e  miner. Because of i t s  
h i g h  p roduc t ion  rate--and t h u s  t h e  h igh  
c o s t  of downtime--and because of t h e  
a lmos t  imposs ib le  working c o n d i t i o n s ,  i t  
seems e s s e n t i a l  t h a t  a l l  longwal l  workers 
have t h e i r  own w i r e l e s s  communications 
network w i t h  each  having s m a l l ,  l i g h t -  
weight  equipment,  i n c l u d i n g  s p e a k e r s  and 
bone-conducting microphones mounted i n  
helmets .  The communication c e n t e r  oper-  
a t o r  should  a l s o  be a b l e  t o  moni tor  t h i s  
network.  

A.7 Mine F 

Mine D e s c r i p t i o n  

Mine F  h a s  been o p e r a t i o n a l  s i n c e  
1963 w i t h  p r o d u c t i o n  o r i g i n a l l y  e s t i m a t e d  
f o r  25 y e a r s .  Coal i s  being mined 
from t h e  Mammoth Seam i n  t h e  Cherokee 
Group. Seam t h i c k n e s s  i s  approximately  
60 i n c h e s .  

T h i s  mine i s  t h e  on ly  nonunion mine 
surveyed.  A s  a  r e s u l t ,  some of t h e  oper-  
a t i o n s  a r e  n o t a b l y  d i f f e r e n t  from t h o s e  
s e e n  a t  t h e  o t h e r  mines examined. 

The mine employs conven t iona l  mining 
t e c h n i q u e s  and employs t r a c k e d  haulage t o  
remove t h e  coa l .  Pe rsonne l  e n t r y  and 
c o a l  removal a r e  through a  s i n g l e  s h a f t .  

Coal p roduc t ion  i s  approximately  
250,000 t o n s  p e r  year .  There i s  one min- 
i n g  s e c t i o n ,  o p e r a t i n g  one s h i f t .  Coal 
i s  mined v i a  t h e  room and p i l l a r  method 
w i t h  a c t i v i t y  r o t a t i n g  through s i x  a c t i v e  
rooms. 

The mine w i l l  u l t i m a t e l y  be approxi-  
mately  1-114 m i l e s  square .  Mining a c t i v -  
i t y  i s  c u r r e n t l y  o c c u r r i n g  about  314 mi le  
from t h e  s h a f t .  

The overburden a t  t h e  s h a f t  is 
157 f e e t ,  i n c r e a s i n g  g r a d u a l l y  t o  t h e  
working face .  Tunnels a r e  t y p i c a l l y  
12 f e e t  wide and range from 4 t o  6  f e e t  
h igh.  Four- and 6-foot roof b o l t s  a r e  
i n s t a l l e d  on 5-foot c e n t e r s .  

There a r e  no boreho les  i n t o  t h e  
mine. The f r e s h  a i r  e n t r a n c e  s e r v e s  a s  
t h e  emergency e x i t  and i s  l o c a t e d  about 
500 f e e t  from t h e  main s h a f t .  The main 
s h a f t  s e r v e s  a s  t h e  a i r  exhaus t .  

Mine Management 

Since t h e r e  i s  only  one mining 
s e c t i o n ,  t h e  mine o p e r a t e s  w i t h  very 
few management pe rsonne l ,  a s  fo l lows :  
General  manager, c h i e f  e n g i n e e r ,  super-  
i n t e n d e n t ,  and foreman. 

Management pe rsonne l  do q u i t e  a  b i t  
of f i l l i n g  i n  a s  necessa ry ;  however, t h e  
c h i e f  e n g i n e e r  normally t ends  t o  t o p s i d e  
o p e r a t i o n s  w h i l e  t h e  s u p e r i n t e n d e n t  
s t a n d s  by a t  t h e  bottom of t h e  s h a f t .  
The foreman remains a t  t h e  f a c e .  The 
mine has  25 men underground d u r i n g  t h e  
s h i f t .  

There a r e  f i v e  mining o p e r a t i o n s  
r o t a t i n g  con t inuous ly  through t h e  s i x  
a c t i v e  rooms a t  t h e  f a c e .  A c y c l e  s t a r t s  
w i t h  t h e  c u t t e r  u n d e r c u t t i n g  t h e  c o a l  
f a c e .  Th is  is  fol lowed by t h e  c o a l  
d r i l l e r  d r i l l i n g  h o l e s  f o r  t h e  charges .  
A f t e r  t h e  d r i l l e r  moves on,  t h e  charges  
a r e  s e t  and f i r e d  by t h e  s h o t  f i r e r .  
A f t e r  a  d e l a y  f o r  t h e  a i r  t o  c l e a r ,  t h e  
l o a d e r  i s  moved i n  t o  begin  l o a d i n g  
s h u t t l e  c a r s ,  which t r a n s f e r  c o a l  t o  t h e  
hau lage  c a r s .  When a  room has  been 



c leaned  of t h e  l o o s e  c o a l ,  t h e  roof b o l t -  
e r s  move i n  t o  ex tend  t h e  suppor ted  sec-  
t i o n  of t h e  r o o f .  

Loaded hau lage  t r a i n s  a r e  p u l l e d  t o  
t h e  s h a f t  where t h e  c a r s  a r e  dumped i n t o  
a s k i p ,  one c a r  t o  a sk ip load .  The s k i p  
i s  l i f t e d  up t h e  s h a f t  and dumped i n t o  
t h e  c r u s h e r .  Crushed c o a l  i s  conveyed 
i n t o  s e m i t r a i l e r  t r u c k s  t h a t  a r e  used 
e x c l u s i v e l y  t o  h a u l  t h e  mine 's  o u t p u t .  

The maintenance phi losophy of t h i s  
mine r e s u l t s  i n  a l a r g e  amount of nonpro- 
d u c t i v e  machine time. There i s  a com- 
p l e t e  o p e r a t i n g  s p a r e  f o r  each type  of 
machine i n  t h e  mine. As  a r e s u l t  of t h i s  
ph i losophy ,  however, t h e r e  i s  v i r t u a l l y  
no downtime f o r  equipment maintenance.  A 
minor f a i l u r e  i s  r e p a i r e d  on t h e  s p o t ;  i n  
c a s e  of a major f a i l u r e ,  t h e  s p a r e  
machine i s  placed i n  s e r v i c e  whi le  t h e  
broken one i s  f i x e d .  

There i s  no f i x e d  shop l o c a t i o n .  
The maintenance personne l  t r a v e l  w i t h  t h e  
mining crew. The p resence  of s p a r e  
machinery permi t s  r e p a i r s  and maintenance 
t o  be performed thoroughly wi thou t  slow- 
i n g  p roduc t ion .  

S u p p l i e s  a r e  d e l i v e r e d  v i a  t h e  haul-  
age c a r s .  J u s t  b e f o r e  t h e  end of each  
working day t h e  foreman c a l l s  h i s  l i s t  of 
s u p p l i e s  t o  t h e  h o i s t i n g  eng ineer .  These 
a r e  p laced  a t  t h e  t o p  of t h e  s h a f t  and 
d e l i v e r e d  t o  t h e  f a c e  e i t h e r  a t  t h e  end 
of  t h e  day o r  t h e  beginning of t h e  nex t  
one. Repa i r  p a r t s  a r e  d e l i v e r e d  d u r i n g  
t h e  day v i a  a r e t u r n  t r i p  of t h e  hau lage  
c a r s .  

The mine has  a s i n g l e  man-trip c a r .  
T h i s  i s  s u f f i c i e n t  t o  c a r r y  t h e  e n t i r e  
crew, s o  only  one man-trip i s  made, morn- 
i n g  and evening.  A d m i n i s t r a t i o n  of t h e  
mine o p e r a t i o n  i s  q u i t e  in fo rmal .  The 
g e n e r a l  manager o v e r s e e s  a l l  o p e r a t i o n s  
and a s s i s t s  t h e  t o p s i d e  pe rsonne l  a s  
necessa ry .  A l l  management pe rsonne l  
a s s i s t  when and where needed. 

V e n t i l a t i o n  i s  v i a  a s i n g l e  f a n ,  
blowing i n t o  t h e  escape  s h a f t  and 
exha.us t ing through t h e  main s h a f t  . 
Within  t h e  mine, wa te r  s p r a y s  a r e  used t o  
keep d u s t  down. There h a s  never  been any 
probllem w i t h  e x c e s s i v e  w a t e r ,  s o  t h e  on ly  
wate.r-handling g e a r  i s  t h a t  used t o  con- 
t r o l ,  d u s t .  

Mine Equipment and Power 

The f o l l o w i n g  p i e c e s  of mining 
equipment a r e  i n  u s e  a t  t h e  mine: 

S h u t t l e  cars--3 Roof bol ter- -1  
Loader--1 Coal d r i l l - - 1  
Cut ter--1 Locomotives--3 

I n  a d d i t i o n  t o  t h e  equipment i n  u s e ,  
t h e r e  i s  one o p e r a t i n g  s p a r e  of each type  
of machine. I n  c a s e  of major breakdown 
t h e  s p a r e  i s  p laced  i n  o p e r a t i o n  whi le  
t h e  broken u n i t  i s  r e p a i r e d .  

Primary power comes i n t o  t h e  mine 
through t h e  main s h a f t .  A 2 ,300-vol t ,  
three-phase  l i n e  i s  run t o  t h e  two 
t r a n s f o r m e r - r e c t i f i e r  s e t s  used. One 
t r a n s f o r m e r  f e e d s  t h e  t r o l l e y  f o r  t h e  
hau lage  system; t h e  o t h e r  powers a l l  
mach~inery a t  t h e  f a c e .  A l l  machines i n  
t h e  mine r u n  o f f  280 t o  300 v o l t s  dc. 

Pres 'ent  Mine Communications 

The mine c u r r e n t l y  has  a combination 
of independent  v o i c e  communication 
systems. The loudspeaking phone system 
u s e s  two u n i t s ,  one l o c a t e d  a t  t h e  h o i s t -  
i n g  e n g i n e e r ' s  p o s i t i o n ,  and t h e  o t h e r  a t  
t h e  working f a c e .  A two-s ta t ion  in te rcom 
connlects t h e  t o p  and bottom of t h e  s h a f t .  
Anot.her in te rcom connects  t h e  h o i s t i n g  
engineer and t h e  mine o f f i c e .  Two s p a r e  
1oud.speaking pagers  s e r v e  a s  backup and 
permit  a t h i r d  s t a t i o n  t o  be patched i n  
i f  work i s  being done a long  way from t h e  
f a c e .  The h o i s t i n g  e n g i n e e r  s e r v e s  a s  
"conununications c e n t r a l , "  t y i n g  t h e  t h r e e  
syst.ems t o g e t h e r .  I n  a d d i t i o n  t o  t h e  
i n t e r n a l  communication systems,  an  exten-  
s i o n  of t h e  o u t s i d e  t e lephone  l i n e  is  



l o c a t e d  a t  t h e  ch ie f  eng inee r ' s  desk. 
The pager a t  t h e  f a c e  i s  kep t  mounted 
n e a r  t h e  power s l e d ,  s o  t h e  two a r e  moved 
t oge the r .  Nothing e l s e  i s  moved. 

A l l  equipment ha s  been ho ld ing  up 
wel l .  Perhaps twice  a yea r ,  one of t h e  
pagers  w i l l  q u i t  opera t ing .  Whenever 
t h i s  happens,  t h e  bad u n i t  i s  removed and 
s e n t  t o  a commercial r e p a i r  s t a t i o n .  

I n  normal system use ,  a l l  c a l l s  a r e  
made from a remote po in t  t o  t h e  h o i s t i n g  
eng inee r  "commnicat i o n  c e n t r a l .  " A s  
l ong  a s  c a l l s  a r e  being made i n  t h i s  man- 
n e r ,  t h e  system func t i ons  wel l .  A pos- 
s i b l e  except ion  might occur i n  an  emer- 
gency s i t u a t i o n  a t  t h e  face .  The pager 
a t  t h i s  p o i n t  i s  50 t o  100 f e e t  from t h e  
n e a r e s t  working room, and on t h e  o t h e r  
s i d e  of a i r - d i v e r t e r  f l a p s .  It i s  con- 
c e i v a b l e  t h a t  an acc iden t  could occur i n  
which t h e  phone would no t  be a c c e s s i b l e .  
The o t h e r  p o s s i b i l i t y  i nvo lv ing  an  a c c i -  
den t  s i t u a t i o n  would involve  t h e  phone 
cab le .  There i s  a s i n g l e  run w i t h  no 
backup o r  loopback path.  This  c a b l e  i s ,  
however, p ro t ec t ed  i n  being mounted on 
v e r t i c a l  t imbers  and i s  of armored 
cons t ruc t i on .  

When c a l l s  a r e  made from t h e  "com- 
municat ion c e n t r a l "  p o s i t i o n  t o  o t h e r  
p a r t s  of t h e  mine, t h e  system does no t  
work s o  wel l .  A complaint was made t h a t  
i f  t h e  super in tendent  l e aves  t h e  bottom 
of  t h e  h o i s t  i t  may t a k e  a ha l f  hour t o  
g e t  a message t o  him. It appears  very 
u n l i k e l y  t h a t  a c a l l  t o  t h e  pager  a t  t h e  
f a c e  would f i n d  anyone near  enough t o  
h e a r  i t .  The f a s t e s t  r o u t e  t o  t h e  f a c e  
appears  t o  involve  r e l a y i n g  a message t o  
a motorman a t  t h e  h d i s t  and having him 
d e l i v e r  i t  t o  t h e  f a c e  when he r e t u r n s .  

I n  t h i s  mine, commnica t ions  e f -  
f i c i e n c y  would be improved by rep lac-  
i n g  t h e  t h r e e  independent two-sta t ion 
phone systems w i th  a s i n g l e  m u l t i s t a t i o n ,  

mult ichannel  system. The system should 
have a minimum of seven s t a t i o n s .  

The i r  l o c a t i o n s  would be a s  fol lows:  

Mine o f f i c e  

Hois t ing  engineer"  p o s i t i o n  

Shaf t  bottom 

Working f a c e  

Bottom of emergency s h a f t  

Midway between bottom and f a c e  a long  
inbound haulageway 

Midway between bottom and f a c e  a long  
outbound haulageway. 

Other s t a t i o n s  t h a t  might be con- 
s i d e r e d  include-- 

Topside s t o r a g e  o r  shop a r e a  

Chief eng inee r ' s  desk 

Crusher 

Most of t h e  added s t a t i o n s  would be 
concerned more w i th  s a f e t y  t han  w i th  
product ion.  A s  t h ings  s tand ,  i t  i s  
p o s s i b l e  t o  be blocked from a phone s t a -  
t i o n  o r  t o  be a long  walk from one. I n  
a d d i t i o n  t o  t h e  f i x e d  s t a t i o n s ,  t h e  man- 
agement personne l  should have r a d i o  com- 
municators.  This would e l i m i n a t e  t h e  
e x i s t i n g  s i t u a t i o n  i n  which a c r i t i c a l  
man can be ou t  of touch when o t h e r s  need 
a dec i s ion  o r  informat ion.  

An expanded system needs no more 
t han  two gene ra l  channels p lu s  a p r i v a t e  
channel.  Radio communicators ope ra t e  
b e s t  i f  they can acces s  a l l  t h r e e  chan- 
n e l s ,  but could ope ra t e  w i th  acces s  only 
t o  one of t h e  gene ra l  channels.  



The c a b l e  i n t o  t h e  mine should  be a  
con t inuous  loop  of armored w i r e  f o r  maxi- 
mum r e l i a b i l i t y  and p ro t ec t i on .  By u s i n g  
a  mu l t i p l ex  system, a l l  channels  p l u s  
moni to rs  could be inc luded  on a  s i n g l e  
cab le .  1 

A.8 Mine G 

Mines t h a t  do no t  employ r a i l  hau l -  
age  systems powered from a t r o l l e y  w i r e  
f a c e  unique problems i n  e s t a b l i s h i n g  s a t -  
i s f a c t o r y  communications between haulage- 
way veh i c l e s .  Because common t r o l l e y  
c a r r i e r  phones cannot  be u t i l i z e d ,  some 
o t h e r  form of r a d i o  system must be used 
t o  e s t a b l i s h  t h e  r equ i r ed  vo i ce  l i n k  

l  ro roved and nonapproved s ys  tems may 
n o t  s h a r e  t h e  same cab l e ;  check wi th  MSHA 
f o r  d e t a i l s .  

/ No. 2 crusher 

between motormen and /or  motormen and a  
c e n t r a l  d i spa t che r .  Th is  d e s c r i p t i o n  
i l l u s t r a t e s  how one mine i n  t h i s  ca tegory  
so lved  i t s  haulageway communication 
requirements  u s i n g  a  unique system of UHF 
and VHF r e p e a t e r s  combined w i t h  a  " leaky 
c o a x i a l "  t r an smi s s ion  l i n e .  

Th is  mine was a  magne t i t e  o r e  block 
caving ope ra t i on .  Sur face  acce s s  t o  t h e  
Mine ( f i g .  A-2) was by two v e r t i c a l  
s h a f t s  t o  t h e  No. 6 produc t ion  l e v e l ,  
2,500 f e e t ,  w i t h  mining occu r r i ng  a t  a  
dep th  of 2,500 t o  2,800 f e e t .  Diesel- 
powered, rubber-t  i r e d  l oad ing  equipment 
was used t o  t r a n s p o r t  o r e  t o  t h e  crush-  
ers. A conveyor b e l t  r a n  between t h e  
c r u s h e r  rooms and t h e  o r e  s k i p  s t o r a g e  
b i n s  where t h e  o r e  was au toma t i ca l l y  
loadled i n t o  20-ton s k i p  c a r s  and h o i s t e d  
t o  t h e  su r f ace .  

B shaft' 
FIGURE A-2. - Underground map of mine, 6th level. 



P e r s o n n e l  underground i n c l u d e d  rov- 
i n g  miners  i n  p r o d u c t i o n ,  hau lage ,  and 
shop  a r e a s ,  fan-hole  d r i l l  o p e r a t o r s  
working a l o n e ,  and maintenance v e h i c l e  
and ambulance o p e r a t o r s .  To s a t i s f y  t h e  
o b j e c t i v e  t o  communicate between t h e s e  
p e r s o n n e l  and t h e  s u r f a c e ,  a  gu ided  wire-  
less communication sys tem u t i l i z i n g  
equipment a v a i l a b l e  from Motorola ,  I n c . ,  
and Andrew Corp. was s e l e c t e d .  P o r t a b l e  
HT-220 r a d i o s  and i n d u s t r i a l  d i s p a t c h e r  
mobi le  t r a n s c e i v e r s  were chosen f o r  
p e r s o n n e l  and v e h i c l e s ,  r e s p e c t i v e l y .  
Andrew Kadiax c a b l e ,  a  s p e c i a l  t y p e  of 
c a b l e  t h a t  a l l o w s  f o r  l eakage  of s i g n a l s  
o u t  of and i n t o  i t s e l f ,  was i n s t a l l e d  
th roughout  t h e  major a r e a s  of t h e  mine. 
Because t h e  t o t a l  c a b l e  l e n g t h  exceeded 
2  m i l e s ,  i t  was n e c e s s a r y  t o  i n s t a l l  two 
r e p e a t e r s .  Although t h e  sys tem d i d  n o t  
r e q u i r e  a d i s p a t c h e r  o r  a n  o p e r a t o r ,  a  
communications c e n t e r  was e s t a b l i s h e d  a t  
a n  underground c r u s h e r  room. Personne l  
cou ld  be s e l e c t i v e l y  paged from t h e  con- 
s o l e ,  and a n  e v a c u a t i o n  a la rm could  be 
a c t i v a t e d  from e i t h e r  t h e  c o n s o l e  o r  a n  
a l t e r n a t e  moni tor  s t a t i o n  a t  t h e  s h a f t  
bottom. The moni to r  s t a t i o n  was wi red  t o  
t h e  s u r f a c e  where a  remote c o n t r o l  u n i t  
p rov ided  s u r f a c e  a c c e s s  t o  t h e  system. 
During a  power f a i l u r e ,  t h e  sys tem would 
o p e r a t e  f o r  24 hours  on backup b a t t e r y  

power. A t e l l t a l e  beep i n  t h e  sys tem 
s i g n a l e d  t h a t  t h e  sys tem had r e v e r t e d  t o  
emergency power. The communication sys -  
tem u t i l i z e d  o f f - the - she l f  , r e a d i l y  
a v a i l a b l e  communications equipment and 
i n s t a l l a t i o n  hardware.  I n  a d d i t i o n ,  t h e  
sys tem was compat ib le  w i t h  t h e  i n s t a l l a -  
t i o n  and maintenance c a p a b i l i t i e s  of t h e  
mine pe r sonne l .  

F i g u r e  A-3 shows t h e  e x t e n t  of t h e  
r a d i a t i n g  c a b l e  i n s t a l l a t i o n .  There  was 
11,000 f e e t  of RX5-1R 718-inch Andrew 
Radiax i n  t h e  system. The c a b l e  a t t e n u a -  
t i o n  was 1.2 dB1100 f t ;  t h u s ,  two r e -  
p e a t e r s  were r e q u i r e d  t o  compensate f o r  
s i g n a l  l o s s  a s  w e l l  a s  p rov ide  adequa te  
power l e v e l s  f o r  f u t u r e  sys tem expansion.  

The c a b l e  s p e c i f i c a t i o n s  s t a t e  t h a t  
i t  must be suppor ted  every  5 f e e t .  To 
avoid  i n s t a l l i n g  2,000 anchors  i n  t h e  
r o c k ,  a  3116-inch s t e e l  messenger w i r e  
was a t t a c h e d  a t  20-foot i n t e r v a l s  t o  
roof -bo l t - suppor ted  T-bars. The c a b l e  
was t h e n  s t r a p p e d  t o  t h e  messenger w i r e  
w i t h  s t a n d a r d  c a b l e  t ies .  

Some a r e a s  were s o  f a r  away from t h e  
i n s t a l l e d  c a b l e  t h a t  r a d i o  t r a n s m i s s i o n s  
cou ld  n o t  be e s t a b l i s h e d .  This  was over-  
come by i n s e r t i n g  a  s t u b  c a b l e  w i t h  one 
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FIGURE A-3. - Leaky feeder cable layout. 



end connected through a  power d i v i d e r  t o  
t h e  main c a b l e ;  t h e  o t h e r  end te rmina ted  
i n  an  antenna l oca t ed  w i t h i n  s e v e r a l  hun- 
d r ed  f e e t  of t h e  d e s i r e d  working a rea .  

The r e p e a t e r s ,  composed of a  unique 
combination of UHF and VHF u n i t s ,  were 
b o l t e d  t oge the r  and mounted on p a l l e t s  
f o r  e a s e  of t r a n s p o r t  w i t h i n  t h e  mine. 
The UHF and VHF u n i t s  were i n t e r connec t ed  
by a  sque lch  and audio  i n t e r f a c e .  Vehi- 
c u l a r  and personne l  comrmnications took 
p l a c e  over  t h e  leaky  c o a x i a l  c a b l e  on t h e  
UHF r e p e a t e r  f r equenc i e s ,  whi le  t h e  con- 
t r o l  between r e p e a t e r s ,  l o c a t e d  some 
2,000 f e e t  a p a r t ,  used VHF over  t h e  same 
cab le .  A 5-MHz UHF t r ansmi t  and r e c e i v e  
f requency s e p a r a t i o n  allowed connect ion 
t o  t h e  common Radiax through a  duplexer.  

The r e p e a t e r s  were prewired, and t h e  
system was assembled on t h e  s u r f a c e  where 
i t  underwent s e v e r a l  months of burn-in. 
This  procedure e l im ina t ed  t h e  f r u s t r a -  
t i o n s  of t r oub l e shoo t ing  and t e s t i n g  t h e  
system underground. 

The fan-hole d r i l l  ope ra to r ,  
equipped w i th  a  p o r t a b l e  r a d i o  a t t a c h e d  
e i t h e r  t o  h i s  b e l t  o r  t o  a  ches t  pack a s  
he  p r e f e r r e d ,  was a l s o  equipped wi th  an  
accessory  noise-reducing earmuff and m i -  
crophone. The r e c e i v e r  aud io  was rou ted  
t o  s m a l l  loudspeakers  i n s i d e  h i s  e a r  pro- 
t e c t o r s ,  whi le  t h e  microphone and push- 
t o - t a lk  swi tch  were i n s t a l l e d  i n  a  simi- 
l a r  earmuff which t h e  f a n  ho l e  d r i l l  
o p e r a t o r  p laced  over  h i s  mouth when he  
wished t o  make a  r a d i o  t ransmiss ion .  A l l  
p o r t a b l e  r a d i o s  i n  t h e  mine were equipped 
w i t h  t h e  p rov i s ion  t o  use  an  e x t e r n a l  
speaker  microphone accessory  s o  t h a t  t h e  
r a d i o  need n o t  be detached from t h e  oper- 
a t o r ' s  b e l t  and r a i s e d  t o  h i s  e a r  o r  
mouth. I n  no i sy  l o c a t i o n s  t h e  u s e  of a  
noise-reducing speaker lnicrophone i s  a  
n e c e s s i t y .  

Two types  of veh i cu l a r  r a d i o s  were 
used. The I n d u s t r i a l  Dispatcher  had a l l  
c o n t r o l s ,  t h e  microphone plug,  and 
speaker  l o c a t e d  on t h e  t r a n s c e i v e r  pack- 
age ;  t h i s  n e c e s s i t a t e d  l o c a t i n g  t h e  
t r a n s c e i v e r  w i t h i n  t h e  v e h i c l e  o p e r a t o r ' s  
r e ach ,  which is  nea r ly  impossible  on some 

mining veh i c l e s .  A b e t t e r  r a d i o  f o r  t h i s  
app1:lcation was t h e  mo to rcyc l e ,ve r s ion  of 
t h e  I n d u s t r i a l  Dispatcher .  A l l  c o n t r o l s  
and t h e  microphone plug were l oca t ed  on 
t h e  sma l l ,  rugged loudspeaker enc losure .  
The loudspeaker can be mounted i n  a  
convenient l o c a t i o n ,  and t h e  l a r g e r  
t r a n s c e i v e r  u n i t  can be mounted i n  a  more 
p ro t ec t ed  l oca t i on .  The antennas a r e  
e i t h e r  114-wave whips o r  S i n c l a i r  low- 
p r o f i l e  blade antennas.  The radome 
ve r s ion  of t h e  blade antenna appears  
t o  be t h e  most s u i t a b l e  f o r  mining 
app1:icat ions .  

A d i s p a t c h e r  c o n t r o l  console  a t  t h e  
No. 2 c ru she r  could be e i t h e r  manned o r  
unmanned; no ope ra to r  was necessary f o r  
system opera t ion .  Paging could be i n i t i -  
a t e d  from a n  encoder a t  t h e  console  t o  
send p r i v a t e  messages t o  pager-equipped 
r ad io s .  Equipping t h e  fan-hole d r i l l  
operaator  wi th  a  pager-encoded r a d i o  pre- 
ven t s  t h e  nuisance of h i s  l i s t e n i n g  t o  
gene ra l  system t r a f f i c .  He would only 
hear  messages d i r e c t e d  s p e c i f i c a l l y  t o  
him. The console  a l s o  had t h e  p rov i s ion  
f o r  sending a  warning s i g n a l  t o  a l l  
r a d i o s  i n  t h e  mine. This  wa i l i ng  s i r e n -  
l i k e  s i g n a l  could be used f o r  mine evacu- 
atioin i n  an emergency. 

The a l t e r n a t e  c o n t r o l  s t a t i o n  pro- 
videtd an a d d i t i o n a l  access  po in t  t o  t h e  
c o m ~ n i c a t  i ons  network. This  s t a t i o n  
monitored t h e  a c t i v i t y  of t h e  fan-hole 
d r i l l  opera tor .  Also, t h i s  s t a t i o n  was 
connected by w i r e  l i n e  t o  an intercom 
u n i t  i n  t h e  s u r f a c e  guardhouse. The 
guarld could acces s  t h e  system through 
remote con t ro l .  This  f e a t u r e  was espe- 
c i a l l y  d e s i r a b l e  du r ing  maintenance p e r i -  
ods when t h e  underground s t a t i o n s  a r e  
unmainned o r  dur ing  a  mine emergency, 
t o  coord ina te  evacua t ion  and rescue  
~ p e r ~ a t i o n s .  

The mine had o u t f i t t e d  an under- 
ground r a d i o  shop wi th  t h e  necessary 
s e r v i c e  equipment t o  main ta in  t h e  commu- 
n i c a t i o n s  system. A fu l l - t ime  Federa l  
Communication Commission second-class 
l i c e n s e d  radioman was t r a i n e d  i n  system 
i n s t a l l a t i o n ,  ope ra t i on ,  and maintenance. 
R e l i 4 a b i l i t y  of t h e  UHF-VHF system was 



e x c e l l e n t  w i t h  n e g l i g i b l e  downtime. Th is  
w i r e l e s s  communications sys tem demon- 
s t r a t e d  t h a t  t h e  o b j e c t i v e s  of p e r s o n n e l  
and v e h i c u l a r  underground mine communi- 
c a t i o n s  can be s a t i s f i e d .  Worker and 
management accep tance  of t h e  sys tem was 
e x c e l l e n t .  

A.9 Mine H 

To meet changing c o m m n i c a t i o n  
requ i rements  i n  many of i t s  mines,  one 
u t i l i t y  company h a s  i n s t a l l e d  a  new mul- 
t i c h a n n e l  mine dia l -page phone system a t  
i t s  underground o p e r a t i o n s .  The f i r s t  of 
i t s  t y p e ,  t h i s  f u l l y  p e r m i s s i b l e  comrmni- 
c a t i o n  system combines t h e  paging capa- 
b i l i t y  of c u r r e n t  mine page phones w i t h  
t h e  advan tages  of c o n v e n t i o n a l  t e l e -  
phones. Manufactured by GAI-Tronics 
Corp. , t h e  Mine Dial-Page Phone System 
(MDP) h a s  t h e  f o l l o w i n g  f e a t u r e s :  

1. Each underground s t a t i o n  i s  on a  
s e p a r a t e  c i r c u i t  ready f o r  i n s t a n t  u s e  
depending upon t h e  a v a i l a b i l i t y  of a n  
open channe l  i n  t h e  c e n t r a l  swi tch.  

2. When connected t o  a  t e lephone  
swi tchboard  through a  12- t o  48-volt i n -  
t e r f a c e  c i r c u i t r y  c a r d  p rov ided  f o r  each  
l i n e ,  any underground s t a t i o n  can c a l l  
a n o t h e r  underground s t a t i o n  d i r e c t l y ,  o r  
c a l l  any s t a n d a r d  t e lephone  a t  a  s u r f a c e  
l o c a t i o n .  Also,  any underground s t a t i o n  
c a n  be c a l l e d  from any aboveground s t a n -  
d a r d  t e lephone .  

3. S e l e c t i v e  paging c a p a b i l i t y  t o  
any s i n g l e ,  s p e c i f i c  underground s t a t i o n .  

4. A d i a l - a c c e s s ,  a l l - s t a t i o n  pag- 
i n g  c a p a b i l i t y  t o  c a l l  p e r s o n n e l  n o t  a t  
t h e i r  normal l o c a t i o n ,  o r  t o  a l e r t  a l l  
underground personne l .  

5. Automatic s w i t c h i n g  t o  a  push- 
but ton-operated,  a l l - p a g e - p a r t y l i n e  mode 
i n  t h e  e v e n t  of a  t e lephone  swi tchboard  
power f a i l u r e  o r  severance  of t h e  c a b l e  
i n t e r c o n n e c t i n g  t h e  swi tchboard and t h e  
i n t e r f a c e  c a b i n e t ,  one of t h e  key compon- 
e n t s  of t h e  MDP system. 

6. Plug-in e l e c t r o n i c  assem- 
b l i e s ,  wherever p o s s i b l e ,  t o  f a c i l i t a t e  

maintenance and a d a p t a t i o n  t o  changes i n  
mine o p e r a t i o n s .  

The MDP system ( f i g .  A-4) c o n s i s t s  
of i n d i v i d u a l  phone s t a t i o n s  p laced  a t  
s e l e c t e d  s i t e s  w i t h i n  t h e  mine, one o r  
more i n t e r f a c e  c a b i n e t s  l o c a t e d  on t h e  
s u r f a c e ,  a  t e lephone  switchboard,  and t h e  
n e c e s s a r y  mul t i conduc tor  i n t e r c o n n e c t i n g  
c a b l e .  (One p a i r  of conductors  i s  
r e q u i r e d  f o r  each  p r i v a t e  l i n e . )  

Each phone s t a t i o n  i s  con ta ined  
w i t h i n  a  b r i g h t  ye l low,  molded p o l y e s t e r -  
f i b e r g l a s s - r e i n f o r c e d  housing.  Th is  
m a t e r i a l ,  coupled w i t h  t h e  u s e  of s t a i n -  
l e s s  s t e e l  hardware,  g i v e s  a  c o r r o s i o n -  
f r e e  enc losure .  The s t a t i o n  i n c l u d e s  a  
h a n d s e t ,  a  t e lephone  d i a l ,  a  loudspeaker ,  
a n  a l l - s o l i d - s  t a t e  p lug- in  a m p l i f i e r ,  and 
a  s e l f - c o n t a i n e d  b a t t e r y  of t h e  s t a n d a r d  
12-volt mine page phone type.  

I n  a d d i t i o n ,  s i n c e  some power f o r  
sys tem o p e r a t i o n s  i s  s u p p l i e d  from 
t h e  s u r f a c e ,  t h e  mine phones a r e  des igned  
t o  have i n d i v i d u a l  power t o  permit  
emergency communications i n  t h e  even t  of 
a  power c u t o f f .  Th i s  i s  accomplished 
by a  s t a n d a r d  12-volt phone b a t t e r y ,  
w h i l e  t h e  s u r f a c e  equipment i s  provided 
w i t h  a  12-volt  r e c h a r g e a b l e  b a t t e r y ,  r e -  
q u i r e d  only  i n  t h e  even t  t h a t  v o l t -  
age  t o  t h e  dc  power supply should be 
10s t . 

Located o u t s i d e  each  c a b l e  e n t r y  
i n t o  t h e  mine i s  a n  i n t e r f a c e  c a b i n e t .  
The c i r c u i t r y  t h a t  c o n v e r t s  t h e  t e lephone  
switchboard v o l t a g e s  ( a c  and d c )  t o  pe r -  
m i s s i b l e  l e v e l s  i s  con ta ined  i n  t h i s  
c a b i n e t  on a  s e p a r a t e  plug-in i n t e r -  
f a c e  c a r d  f o r  each  t e lephone  l i n e .  
The c a b i n e t  a l s o  c o n t a i n s  t h e  12-volt 
r e c h a r g e a b l e  b a t t e r y .  Th is  b a t t e r y  auto-  
m a t i c a l l y  powers t h e  sys tem i f  t h e r e  i s  a  
power f a i l u r e  a t  t h e  swi tchboard  o r  i n  
t h e  connec t ing  c a b l e  between t h e  swi tch-  
board and t h e  c a b i n e t .  

The swi tchboard  i t s e l f  i s  a n  impor- 
t a n t  l i n k  i n  t h e  MDP o p e r a t i o n .  

Th is  mine's i n i t i a l  i n s t a l l a t i o n  
u s e s  a  p r i v a t e  au tomat ic  branch exchange 
provided and i n s t a l l e d  by t h e  l o c a l  



FIGURE A-4. - Typical mine dial- age   hone system. 



te lephone company i n  t h e  main o f f i c e  
bu i ld ing  a t  t h e  mining operat ion.  

An incoming c a l l  t r i g g e r s  t he  i n t e r -  
f a c e  card  c i r c u i t r y  i n  t h e  c a b i n e t ,  which 
begins  wi th  t he  a c t i v a t i o n  of a  timed 
hold ing  c i r c u i t  t h a t  completes t he  dc 
loop of t he  te lephone l i n e  and h a l t s  t h e  
incoming r i ng ing  s igna l .  The t iming c i r -  
c u i t  holds  t he  l i n e  f o r  approximately 
40 seconds and i n i t i a t e s  a d d i t i o n a l  c i r -  
c u i t r y  which produces a  d i s t i n c t i v e  
warble  r i n g  tone on t h e  app rop r i a t e  MI)P 
phone. The r i n g  tone i s  appl ied  f o r  a  
4-second per iod ,  and t h e  balance of t h e  
40 seconds i s  he ld  f o r  t h e  c a l l i n g  p a r t y  
t o  page a  s p e c i f i c  person o r  make an 
announcement. A t  t h e  end of t h i s  per iod ,  
i f  t h e  c a l l e d  s t a t i o n  has  not  answered, 
t h e  l i n e s  a r e  au tomat ica l ly  disconnected. 

When t h e  s t a t i o n  answers before  t h e  
end of t he  40-second hold per iod ,  t h e  
t iming  c i r c u i t r y  i s  re turned  t o  i t s  
o r i g i n a l  standby s t a t e  and t h e  loud- 
speaker  is  muted. The pa r ty  c a l l e d  
responds by t ak ing  t h e  phone handset  from 
i t s  holder  and squeezing a  p re s s  bar  
l o c a t e d  i n  t h e  c e n t e r  of t h e  handle. 
Holding of t he  te lephone l i n e  is  accom- 
p l i shed  by a  c i r c u i t  not  a s soc i a t ed  wi th  
t h e  t iming c i r c u i t ,  and t h e  connect ion i s  
h e l d  a s  long a s  both p a r t i e s  a r e  p re s s ing  
t h e i r  r e spec t ive  p re s s  bars .  

For outgoing c a l l s ,  t he  u s e r  of t h e  
MDP phone simply removes t h e  handset  from 
t h e  ho lder  and p re s se s  t he  p re s s  bar. 
When t h e  f a m i l i a r  d i a l  tone  is  heard,  he 
can  d i a l  h i s  c a l l .  Release of t h e  
p r e s s  bar  t e rmina tes  t h e  connection. A 
de lay  c i r c u i t  is  provided t o  maintain 
t h e  l i n e  connect ion dur ing  any b r i e f  
(2-second maximum) r e l e a s e  of t he  p r e s s  
b a r ,  such a s  t o  change hands. 

The aforementioned procedures a l low 
one pa r ty  t o  c a l l  another  a t  a  s p e c i f i c  
l oca t ion .  A s e p a r a t e  f e a t u r e  i s  provided 
t o  page a  person when h i s  l o c a t i o n  i s  
unknown. By d i a l i n g  a  s p e c i a l  number, a  
s e p a r a t e  a m p l i f i e r  and e l e c t r o n i c  source  
w i t h i n  t h e  i n t e r f a c e  cab ine t  a c t i v a t e  t h e  
loudspeaker a t  each MDP s t a t i o n  t o  pro- 
v ide  one-way paging communication. Such 

a  page c a l l  w i l l  be heard i n  t he  handset 
r ece ive r  by a l l  p a r t i e s  engaged i n  c a l l s  
t o ,  from, and between MDP phones, but i t  
w i l l  not i n t e r r u p t  t he se  condi t ions ;  t he  
conversa t ion  can cont inue a t  t he  con- 
c lu s ion  of t he  page. The person being 
paged, however, must d i a l  t he  person 
i n i t i a t i n g  t h e  page t o  ca r ry  on a  r egu la r  
conversat ion.  

The i n t e r f a c e  cab ine t  conta ins  a  
s e p a r a t e  f a i l - s a f e  system t o  maintain 
communications i n  t h e  event  of an acc i -  
d e n t a l  d i sconnec t ion  of t h e  cab le  between 
t h e  cab ine t  and t h e  telephone switch- 
board, o r  i f  t h e r e  i s  a  f a i l u r e  of t h e  
switchboard 's  power. A second c i r c u i t  
network, c o n t r o l l e d  by a  switchboard mon- 
i t o r ,  au tomat ica l ly  t i e s  a l l  of t he  
i n t e r f a c e  cards  t oge the r  i n  t h e  event of 
such f a i l u r e .  I n  t h i s  mode, two-way pag- 
i n g  and handset conversa t ion  can be 
c a r r i e d  ou t  i n  a  manner s i m i l a r  t o  t h a t  
of presentday mine page phones. A push- 
to-page but ton  i s  provided f o r  paging i n  
t h i s  mode, wi th  each phone having i t s  own 
b a t t e r y  t o  provide power f o r  both normal 
and t h i s  alternate-mode operat ion.  

A b i l i t y  t o  d i a l  ou t s ide  ca l l s - -  
inc lud ing  d i r e c t - d i a l  long-dis tance 
calls--and t o  rece ive  s i m i l a r  c a l l s  i s  
l i m i t e d  only by the  telephone switch- 
board. That i s ,  an kDP phone s t a t i o n  can 
be used t o  d i a l  any te lephone o r  r ece ive  
any incoming c a l l  t h a t  a  convent ional  
te lephone connected t o  t he  same l i n e  
could handle. 

Am10 Mine I 

Mine Descr ip t ion  

Mine I is  a  s i l v e r  mine c e n t r a l l y  
l oca t ed  i n  t h e  Couer d'Alene mining d i s -  
t r i c t  i n  Idaho. The mine was f i r s t  
opened i n  1884 and p re sen t ly  employs over  
500 persons,  400 of whom work under- 
ground. Main access  t o  t h e  mine i s  
through a  200-foot-long a d i t  t o  s h a f t  A 
a t  t h e  western edge of t h e  mine. A miner 
proceeds down t h a t  s h a f t  t o  t h e  3100 and 
3700 l e v e l s  and then  eastward through 
5,000-foot-long d r i f t s  t o  s h a f t  B,  which 
i s  c o l l a r e d  a t  t he  3,100-foot l eve l .  



Miners must then go down t h a t  s h a f t  t o  
t h e  a c t i v e  working l e v e l s  ( f i g .  A-5). 

Sha f t  B i s  bottomed j u s t  below t h e  
6,000-foot l e v e l .  Ore i s  being produced 
on t h e  4000, 4200, 4400, 4600, 4800, 
4000, 5200, and 5400 l e v e l s .  Level 
development i s  i n  progress  on t h e  
5600 l e v e l ,  and s h a f t  s t a t i o n  development 
i s  i n  progress  on t h e  5800 l e v e l .  

The A and R s h a f t s  a r e  each provided 
w i t h  electr ic-powered double-drum h o i s t s  
and electr ic-powered single-drum chippy 
h o i s t s .  The double-drum h o i s t s  on both 
s h a f t s  a r e  used p r imar i l y  f o r  hau l ing  o r e  
and waste  ma te r i a l s .  The chippy h o i s t  on 
s h a f t  A i s  used f o r  moving men and 
m a t e r i a l s  t o  a l l  l e v e l s  a s  f a r  down a s  
t h e  4000 l e v e l  and f o r  h o i s t i n g  o re  from 
t h e  4000 l e v e l  t o  t h e  3100 l e v e l .  The 
s h a f t  B chippy h o i s t  i s  on t h e  3700 l e v e l  
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FIGURE A-5. - Mine I, mine map. 

and is  equipped wi th  a  four-deck man cage 
wi th  a  t o t a l  c apac i ty  of 48 men. It 
i s  used f o r  s e r v i c i n g  a l l  l e v e l s  below 
3700. 

Airflow f o r  t h e  mine i s  dependent 
upon pressures  developed by fans  l oca t ed  
underground ( s e r i e s  v e n t i l a t i o n ) .  A l l  of 
t h e  i n t a k e  a i r  f o r  v e n t i l a t i o n  of t h e  
mine i s  coursed down s h a f t  A t o  t h e  3100 
and 3700 l e v e l s .  The a i r  i s  s p l i t  
between t h e s e  two l e v e l s  and t r a v e l s  l a t -  
e r a l l y  t o  s h a f t  B. The a i r  i s  then 
forced  down t h e  s h a f t  B t o  t h e  lower lev-  
e l s .  The r e t u r n  a i r  f lows back through 
ven t : i l a t i on  r a i s e s  and exhaust  airways t o  
t h e  sur face .  

The o r e  d e p o s i t s  occur a s  long,  gen- 
e r a l l y  narrow ve ins  conta in ing  s u l f i d e s  
of s : i lver ,  copper, l e ad ,  and antimony i n  
a  carbonate  qua r t z  gangue. The ve in  d i p s  
range from 45' t o  90° and a r e  gene ra l l y  
t o  tlne south. S t r i k e  lengths  on the  
major o r e  shoots  range up t o  a  known max- 
imum of 2,200 f e e t  and a r e .  normally ex- 
ceeded twofold o r  t h r e e f o l d  v e r t i c a l l y  
a long t h e  d i p  of t h e  s t r u c t u r e .  The 
t r u e  ve in  width v a r i e s  considerably 
but  gene ra l l y  averages between 2  and 
5  f e e t ,  

The s t e e p l y  dipping f i s s u r e  ve ins  
a r e  mined by t h e  h o r i z o n t a l  c u t  and sand- 
f i l l  method by e i t h e r  b r e a s t i n g  down o r  
back s toping.  Stopes a r e  developed a  
maximum of 100 f e e t  a long t h e  s t r i k e  of 
t h e  vein.  Level i n t e r v a l s  a r e  200 f e e t .  
A r a i s e  c l imber  i s  used t o  d r i v e  t h e  
6- by 6-foot r a i s e s  between l e v e l s .  

A l l  underground t r a n s p o r t a t i o n  i s  
accomplished us ing  e i t h e r  t h e  h o i s t s  o r  
battery-powered locomotives on narrow- 
gage t r acks .  The mined o re  i s  t rans-  
por ted  t o  a  muck pocket on t h e  a s soc i a t ed  
haulage l e v e l .  This  o r e ,  o r  muck a s  i t  
i s  c a l l e d ,  i s  then  dumped onto  t h e  
s h a f t  B h o i s t  s k i p s  and t r anspo r t ed  t o  
t h e  3100 l e v e l .  The muck i s  then t r ans -  
por ted  by locomotive t o  s h a f t  A and 
ho i s t ed  3,100 f e e t  t o  t h e  headframe s t o r -  
age bins .  

Surface f a c i l i t i e s  inc lude  an o f f i c e  
a rea , ,  warehouse e l e c t r i c  shop, machine 
shop ,  h o i s t  and compressor house, garage,  



c a r p e n t e r  shop,  mine and m i l l  changehouse 
f o r  employees,  d i s p e n s a r y ,  and t a i l i n g  
ponds. Eng ineer ing  pe r sonne l  a r e  a l s o  
l o c a t e d  a t  t h e  mine t o  p rov ide  f a c i l i t y  
p l a n n i n g  and b e t t e r  c o n t r o l  p r o g r e s s  of 
t h e  mining o p e r a t i o n s .  

P r e s e n t  Mine Communications 

The t e l ephone  p e r m i s s i b i l i t y  r e -  
qu i rements  a r e  n o t  a p p l i c a b l e  t o  meta l  
and nonmetal mines such a s  t h i s  mine. 
A high-dc v o l t a g e  on t h e  c a r r i e r  p a i r ,  
a l t h o u g h  a  p o t e n t i a l  s a f e t y  problem, i s  
of much l e s s  s e v e r i t y  i n  a  me ta l  o r  non- 
m e t a l  mine. T h e r e f o r e ,  an  Anaconda S6A 
sys tem was i n s t a l l e d  t o  p rov ide  t e l ephone  
s e r v i c e  underground. 

The Anaconda S6A is  a  seven-channel,  
f r equency  d i v i s i o n  m u l t i p l e x  system. The 
f o l l o w i n g  i t ems  a r e  worth  n o t i n g  i n  
r e g a r d  t o  i t s  s u i t a b i l i t y  f o r  mine 
a p p l i c a t i o n s :  

1. The sys tem prov ides  a  s u i t a b l e  
number of channe l s  ( seven)  on a  s i n g l e  
w i r e  p a i r .  

2. The mechanical  and environmental  
s p e c i f i c a t i o n s  i n d i c a t e  t h e  a b i l i t y  t o  
o p e r a t e  under t h e  s e v e r e  c o n d i t i o n s  found 
i n  t h e  mine. 

3. The sys tem a l l o w s  -branches t o  
i n d i v i d u a l  conven t iona l  d i a l  t e l e p h o n e s  
a t  any p o i n t  on t h e  system. 

4. Remote u n i t s  ( a t  t h e  t e l e p h o n e s )  
have b a t t e r i e s  t h a t  a r e  t r i c k l e - c h a r g e d  
o v e r  t h e  wi re  p a i r .  Th i s  e n a b l e s  t h e  
sys tem t o  be f r e e s t a n d i n g  and no t  con- 
n e c t e d  t o  110-volt power underground. 

5. C a r r i e r  l e v e l s  r e q u i r e  no 
a d j u s t m e n t ,  a s  t h e  sys tem has  au tomat ic  
g a i n  c o n t r o l  c i r c u i t r y .  

The Anaconda S6A system i s  des igned 
t o  i n t e r f a c e  a  c e n t r a l  o f f  i c e  a t  one end 
and c o n v e n t i o n a l  t e l ephones  a t  t h e  o t h e r .  
It was des igned a s  a  t r a n s p a r e n t  sub- 
s t i t u t e  f o r  copper p a i r s  connec t ing  t h e  
t e l e p h o n e  company o f f i c e  t o  s u b s c r i b e r  
t e l ephones .  To perform i t s  s i g n a l i n g  

f u n c t i o n s ,  t h e  sys tem r e c e i v e s  c e n t r a l  
o f f i c e  s i g n a l s  a t  one end (such a s  t h e  
r i n g i n g  v o l t a g e  g e n e r a t e d  by t h e  c e n t r a l  
o f f i c e  t o  r i n g  t h e  t e l e p h o n e s )  and repro-  
duces  them a t  t h e  o t h e r  end ( i t  remotely  
g e n e r a t e s  r i n g i n g  v o l t a g e s  t o  r i n g  t h e  
b e l l s  a s  needed).  Conversely ,  t h e  sys tem 
can r e c e i v e  only  d i a l  p u l s e s  from t h e  
t e l e p h o n e  end,  which i t  p a s s e s  t o  t h e  
c e n t r a l  o f f i c e .  When used i n  t h i s  way, 
t h e  sys tem i s  a  t r a n s p a r e n t  s u b s t i t u t e  
f o r  copper p a i r s ;  t h a t  i s ,  u s e r s  cannot 
t e l l  whether t h e  S6A system o r  copper 
p a i r s  a r e  being used. 

The c e n t r a l  s w i t c h i n g  f u n c t i o n  of 
t h e  phone system i s  handled by a  s m a l l  
p r i v a t e  branch exchange. System r e q u i r e -  
ments were c a r e f u l l y  examined b e f o r e  
choosing a  l o c a t i o n  f o r  t h i s  PBX. A 
s p a r e  s i n g l e  t w i s t e d  p a i r  was a v a i l a b l e  
from t h e  s h a f t  A s u r f a c e  t o  deep w i t h i n  
t h e  mine. Any a d d i t i o n a l  w i r i n g  i n  t h e  
s h a f t s  was t o  be avoided.  An a i r -  
c o n d i t i o n e d  room was a v a i l a b l e  i n  t h e  
s h a f t  B a r e a  a t  t h e  3,700-foot l e v e l  t h a t  
met a l l  environmental  r equ i rements  of t h e  
PBX. A d d i t i o n a l l y ,  t h i s  l o c a t i o n  was 
approximate ly  c e n t e r e d  w i t h  r e s p e c t  t o  
t h e  number of t e l ephones  d e s i r e d  i n  t h e  
system. The s i n g l e  t w i s t e d  p a i r  was 
opened a t  t h i s  p o i n t ,  the reby  forming two 
independent  wi re  p a i r s .  C a r r i e r  termi-  
n a l s  were t h e n  i n s t a l l e d  on each p a i r ,  
and t h e s e  two independent  c a r r i e r  systems 
were t h e n  connected t o  t h e  PBX c i r c u i t s .  
This  provided up t o  14 p r i v a t e  channels  
f o r  communication w i t h i n  t h e  mine. One 
channel  i n  each c a r r i e r  system was des ig -  
n a t e d  f o r  u s e  i n  a  moni to r -con t ro l  sys-  
tem. Of t h e  remaining 12 c h a n n e l s ,  5  i n  
each c a r r i e r  system a r e  used t o  connect  
phones t o  t h e  PBX, and t h e  a d d i t i o n a l  
channe l  i s  r e s e r v e d  a s  a  s p a r e .  Addi- 
t i o n a l  phones f o r  c r i t i c a l  l o c a t i o n s  and 
f u n c t i o n s  i n  t h e  3700 l e v e l  s h a f t  B a r e a  
a r e  d i r e c t l y  connected t o  PBX l i n e  c i r -  
c u i t s  t o  p rov ide  them w i t h  p r i v a t e  l i n e  
s e r v i c e .  This  minimizes t h e  p o s s i b i l i t y  
of g e t t i n g  a  busy s i g n a l  f o r  t h e s e  
phones. 

Each phone has  b a t t e r y  backup t h a t  
w i l l  a l l o w  o p e r a t i o n  f o r  24 hours.  



APPENDIX Be--FEDERAL REGULATIONS 

The fo l lowing  s e c t i o n s  of t h e  U.S. It should be noted t h a t  some S t a t e s  
Code of Fede ra l  Kegula t ions ,  T i t l e  30, have enac ted  laws t h a t  f u r t h e r  regu- 
Minera l  Resources ,  Chapter 1--Mine S a f e t y  l a t e  t h e  u se  of communications, c o n t r o l ,  
and Hea l th  Adminis t ra t ion  a r e  p r e sen t ed  and rnonitoring equipment i n  underground 
t o  a s s i s t  p l anne r s  of communication sys- mines. Check S t a t e  and l o c a l  r e g u i a t i o n s  
terns i n  i n s u r i n g  t h a t  a l l  requirements  before  proceeding w i th  t h e  i n s t a l l a t i o n  
a r e  being s a t i s f i e d .  of new o r  redesigned equipment. 

PART 57-SAFETY AND HEALTH 
STANDARDSMETAL AND NON- 
METALLIC UNDERGROUND MINES 

0 57.1 Purpose and scope. 

The regulations in this part are pro- 
mulgated pursuant to section 6 of the 
Federal Metal and Nonmetallic Mine 
Safety. Act (30 U.S.C. 725) and pre- 
scribe health and safety standards for 
the purpose of the protection of life, 
the promotion of health and safety, 
and the prevention of accidents in un- 
derground metal and nonmetallic 
mines which are subject to that Act. 
Each standard which is preceded by 
the word "Mandatory" is a mandatory 
standard. The violation of a manda- 
tory standard will subject an operator 
to an order or notice under section 8 
of the Act (30 U.S.C. 727). Those regu- 
lations in each subpart appearing 
under the heading "General-Surface 
and Underground" apply both to the 
underground and surface operations of 
underground mines; those appearing 
under the heading "Surface Only" 
apply only to the surface operations of 
underground mines: those appearing 
under the heading "Underground 
Only" apply only to the underground 
operations of underground mines. 

9 57.1 1 Travelways and escapeways. 

T R A ~ W A Y S  

GEIVERAL-SURFACE AND UNDERGROUND 

57.11-54 Mandatory. Telephone or other 
voice communication shall be provided be- 
tween the surface and refuge chambers and 
such systems shall be independent of the 
mine power supply. 

0 57.18 Safety programs. 

GENERAL-SURFACE AND UNDERGROUND 

57.18-12 Mandatory. Emergency tele- 
phone numbers shall be posted a t  appropri- 
ate telephones. 

57.18-13 Mandatory. A suitable cornmu- 
nication system shall be provided a t  the 
mine to obtain assistance in the event of an 
emergency. 

0 57.19 Man hoisting. 

57.19-55 Mandatory. When a manually 
operated hoist is used, a qualified hoistman 
shall remain within hearing of the tele- 
phone or signal device a t  all times while any 
person is underground. 



57.19-90 Mandatory. There shall be a t  
least two effective approved methods of sig- 
naling between each of the shaft stations 
and the hoist room, one of which shall be a 
telephone or speaking tube. 
57.19-91 Mandatory. Hoist operators 

shall accept hoisting instructions only by 
the regular signaling system unless it is out 
of order. In such an event, and during other 
emergencies, the hoist operator shall accept 
instructions to direct movement of the con- 
veyances only from authorized persons. 
57.19-92 Mandatory. A method shall be 

provided to signal the hoist operator from 
cages or other conveyances a t  any point in 
the shaft. 
57.19-93 Mandatory. A standard code of 

hoisting signals shall be adopted and used 
a t  each mine. The movement of a shaft con- 
veyance on a "one bell" signal is prohibited. 
57.19-94 Mandatory. A legible signal code 

shall be posted prominently in the hoist 
house within easy view of the hoistmen, and 
a t  each place where signals are given or re- 
ceived. 
57.19-95 Mandatory. Hoisting signal de- 

vices shall be positioned within easy reach 
of persons on the shaft bottom or constant- 
ly attended by a person stationed on the 
lower deck of the sinking platform. 
57.19-96 Mandatory. Any person respon- 

sible for receiving or giving signals for cages, 
skips, and mantrips when men or materials 
are being transported shall be familiar with 
the posted signaling code. 

B 57.20 Miscellaneous. 

57.21-1 Mandatory. A mine shall be 
deemed gassy, and thereafter operated as a 
gassy mine, if: 

(a)  The State in which the mine is located 
classifies the mine as gassy; or 

(b) Flammable gas emanating from the 
orebody or the strata surrounding the ore- 
body has been ignited in the mine; or 

(c) A concentration of 0.25 percent or 
more, by air analysis, of flammable gas ema- 
nating only from the orebody or the strata 
surrounding the orebody has been detected 
not less than 12 inches from the back, face. 
or ribs in any open workings; or 

(dl The mine is connected to a gassy mine. 
57.21-2 Mandatory. .Flammable gases de- 

tected only while unwatering mines or 
flooded sections of mines or during other 
mine reclamation operations shall not be 
used to permanently classify a mine gassy. 
During such periods that any flammable gas 
is present in the mine, the affected areas of 
the mine shall be operated in accordance 
with appropriate standards in this Section 
57.21. 

VENTILATION 

57.21-20 Mandatory. Main fans shall be: 

(f)  Provided with an automatic signal 
device to give warning or alarm should the 
fan system malfunction. The signal device 
shall be so located that it can be seen or 
heard by a responsible person at all times 
when persons are underground. 

57.20-32 Mandatory. Telephones or other 
two-way communication equipment with 
instructions for their use shall be provided 
for communication from underground oper- 
ations to the surface. 
134 F'R 12517, July 31, 1969, as amended a t  
35 FR 3677, Feb. 25, 1970: 42 FR 29424, June 
8, 1977; 42 FR 57044. Oct. 31, 1977; 44 FR 
31919, June 1, 1979; 44 F'R 48535, Aug. 17, 
19791 

§ 57.21 Gassy mines. 
Gassy mines shall be operated in accord- 

ance with all mandatory standards in this 
part. Such mines shall also be operated in 
accordance with the mandatory standards 
in this section. The standards in this section 
apply only to underground operations. 

57.21-29 Mandatory. Booster fans shall 
be: 

(a)  Provided with an automatic signal 
device to give warning or alarm should the 
fan system malfunction. The signal device 
shall be so located that it can be seen or 
heard by a responsible person a t  all times 
when persons are underground. 

(b) Equipped with a device that automati- 
cally deenergizes the power in affected 
active workings should the fan system mal- 
function. 

tc) Provided with air locks, the doors of 
which open automatically should the fan 
stop. 

(dl Equipped with two sets of controls ca- 
pable of starting. stopping, and reversing, 
the fans. One set of controls shall be located 
a t  the fans. A second set of controls shall be 
a t  another location remote from the fans. 



PART 75-MANDATQRY SAFETY 
STANDARDS-UNDERGROUND 
COAL MINES 

§ 75.321 Stoppage of fans, plans. 

[STATUTORY PROVISIONS] 

Each operator shall adopt a plan on 
or before May 29, 1970, which shall 
provide that  when any mine fan stops, 
immediate action shall be taken by the 
operator or his agent (a )  to withdraw 
all persons from the working sections, 
(b)  to cut off the power in the mine in 
a timely manner, (c) to provide for res- 
toration of power and resumption of 
work if ventilation is restored within a 
reasonable period as set forth in the 
plan after the working places and 
other active workings where methane 
is likely to accumulate are reexamined 
by a certified person to determine if 
methane in amounts of 1.0 volume per 
centum or more exists therein, and (dl 
to provide for withdrawal of all per- 
sons from the mine if ventilation 
cannot be restored within such reason- 
able time. The plan and revisions 
thereof approved by the Secretary 
shall be set out in printed form and a 
copy shall be furnished to the Secre- 
tary or his authorized representative. 

9 75.508-1 Mine tracks. 

When mine track is used as a con- 
ductor of a trolley system, the location 
of such track shall be shown on the 
map required by 8 75.508, with a nota- 
tion of the number of rails and the 
size of such track expressed in pounds 
per yard. 

§ 75.516-2 Communication wires and 
cables; installation; insulation; support. 

(a )  All communication wires shall be 
supported on insulated hangers or in- 
sulated J-hooks. 

(b) All communication cables shall 
be insulated as required by 5 75.517-1, 
and shall either be supported on insu- 
lated or uninsulated hangers or J- 
hooks, or securely attached to messen- 
ger wires, or buried, or otherwise pro- 
tected against mechanical damage in a 
manner approved by the Secretary or 
his authorized representative. 

(c) All communication wires and 
cables installed in track entries shall, 
except when a communication cable is 
buried in accordance with paragraph 
(b)  of this section, be installed on the 
side of the entry opposite to trolley 
wires and trolley feeder wires. Addi- 
tional insulation shall be provided for 
communication circuits a t  points 
where they pass over or under any 
power conductor. 

(dl For purposes of this section. com- 
munication cable means two or more 
insulated conductors covered by an ad- 
ditional abrasion-resistant covering. 
C38 F R  4975, Feb. 23, 19731 

§ 75.517 Power wires and cables; insula- 
tion and protection. 

Power wires and cables, except trol- 
ley wires, trolley feeder wires, and 
bare signal wires, shall be insulated 
adequately and fully protected. 

9 75.517-1 Power wires and cables; insula- 
tion and protection. 

Power wires and cables installed on 
or after March 30. 1970, shall have in- 
sulation with a dielectric strength at  
least equal to the voltage of the cir- 
cui t. 

0 75.521 Lightning arresters; ungrounded 
and exposed power conductors and 
telephone wires. 

Each ungrounded, exposed power 
conductor and each ungrounded, ex- 
posed telephone wire that  leads under- 
ground shall be equipped with suitable 
lightning arresters of approved type 
within 100 feet of the point where the 
circuit enters the mine. Lightning ar- 
resters shall be connected to a low 
resistance grounding medium on the 
surface which shall be separated from 
neutral grounds by a distance of not 
less than 25 feet. 
C38 FR 4975, Feb. 23, 19731 



9 75.701-4 Grounding wires; capacity of 
wires. 

Where grounding wires are used to 
ground metallic sheaths, armors, con- 
duits, frames, casings, and other me- 
tallic enclosures, such grounding wires 
will be approved if: 

(a) The cross-sectional area (size) of 
the grounding wire is at least one-half 
the cross-sectional area (size) of the 
power conductor where the power con- 
ductor used is No. 6 A.W.G., or larger. 

(b) Where the power conductor used 
is less than No. 6 A.W.G., the cross- 
sectional Erea (size) of the grounding 
wire is equal to the cross-sectional 
area (size! of the power conductor. 

575.1003-1 Other requirements for guard- 
ing of trolley wires and trolley feeder 
wires. 

-%:!equate precaution shall be taken 
i;o insure that equipment being moved 
along haulageways will not come in 
contact with trolley wires or trolley 
feeder wires. 

5 75.1003-2 Requirements for movement 
OF off-track mining equipment in areas 
of active workings where energized 
trolley wires or trolley feeder wires are 
present; pre-movement requirements; 
certified and quelified person-.. 

and such electric power can be sup- 
plied only from inby the equipment 
being moved or transported, power 
may be supplied from inby such equip- 
ment provided a miner with the means 
to cut off the power, and in direct 
communication with persons actually 
engaged in the moving or transporting 
operation, is stationed outby the 
equipment being moved. 

(2) The settings of automatic circuit 
interrupting devices used to provide 
short circuit protection for the trolley 
circuit shall be reduced to not more 
than one-half of the maximum cur- 
rent that could flow if the equipment 
being moved or transported were to 
come into contact with the trolley 
wire or trolley feeder wire; 

(3)  At all times the unit of equip- 
ment is being moved or transported, a 
miner shall be stationed at the first 
automatic circuit breaker outby the 
equipment being moved and such 
miner shall be: (i) In direct communi- 
cation with persons actually engaged 
in the moving or transporting oper- 
ation, and (ii) capable of communicat- 
ing with the responsible person on the 
surface required to be on duty in ac- 
cordance with 8 75.1600-1 of this part; 

(4)  Where trolley phones are utilized 
to satisfy the requirements of para- 
graph (f )(3) of this section, telephones 
or other equivalent two-way communi- 
cation devices that can readily be con- 
nected with the mine communication 
system shall be carried by the miner 
stationed at the first automatic circuit. 
breaker outby the equipment being 
moved and by a miner actually en- 
gaged in the moving or transporting 
operation: and, 

0 75.1402 Communication between shaft 
stations and hoist room. 

( f )  A minimum vertical clearance of 
12 inches shall be maintained between 
the farthest projection of the unit of 
equipment which is being moved and 
the energized trolley wires or trolley 
feeder wires at all times during the 
movement or transportation of such 
equipment; provided, however, that if 
the height of the coal seam does not 
permit 12 inches of vertical clearance 
to be so maintained, the following ad- 
ditional precautions shall be taken: 

(l)(i) Except as provided in para- 
graph (f)(l)(ii) of this secti~n electric 
power shall be supplied to the trolley 
wires or trolley feeder wires only from 
outby the unit of equipment being 
moved or transported. (ii) Where 
direct current electric power is used 

There shall be at least two effective 
methods approved by the Secretary of 
signaling between each of the shaft 
stations and the hoist room, one of 
which shall be a telephone or speaking 
tube. 

0 75.1402-1 Communication between shaft 
stations and hoist room. 

One of the methods used to commu- 
nicate between shaft stations and the 
hoist room shall give signals which can 
be heard by the hoisting engineer at 
all times while men are underground. 



Q 75.1402-2 Tests of signaling systems. 
Signaling systems used for communi- 

cation between shaft stations and the 
hoist room shall be tested daily. 

Subpart Q-Communications 

Q 75.1600 Communications. 

Telephone service or equivalent two- 
way communication facilities, ap- 
proved by the Secretary or his author- 
ized representative, shall be provided 
between the surface and each landing 
of main shafts and slopes and between 
the surface and each working section 
of any coal mine that is more than 100 
feet from a portal. 

§ 75.1600-1 Communication facilities; 
main portals; installation require- 
ments. 

A telephone or equivalent two-way 
communication facility shall be locat- 
ed on the surface within 500 feet of ali 
main portals, and shall be installed 
either in a building or in a box-like 
structure designed to protect the facil- 
ities from damage by inclement weath- 
er. At least one of these communica- 
tion facilities shall be at  a location 
where a responsible person who is 
always on duty when men are under- 
ground can hear the facility and re- 
spond immediately in the event of an 
emergency. 
C38 Fa 29999, Oct. 31,19731 

§ 75.1600-2 Communication facilities; 
working sections; installation and 
maintenance requirements; audible or 
visual alarms. 

(a) Telephones or equivalent two- 
way communication facilities provided 
at  each working section shall be locat- 
ed not more than 500 feet outby the 
last open crosscut and not more than 
800 feet from the farthest point of 
penetration of the working places on 
such section. 

(b) The incoming communication 
signal shall activate an audible alarm, 
distinguishable from the surrounding 
noise level, or a visual alarm that can 
be seen by a miner regularly employed 
on the working section. 

tc) Tf a communication system other 
than ~elephones is used and its oper- 
ation ae:~ends entirely upon power 
from the mine electiic system, means 
shall be provided to permit continued 
communication in the event the mine 
electric power fails or is cut off; pro- 
vided, however, that where trolley 
phones and telephones are both used, 
an alternate source of power for the 
trolley phone system is not required. 

td) Tra4111ey phonzs connected to the 
trolley wire shall be grounded in ac- 
cordance with Subpart H of this part. 

te) Tel2phones or equivalent two- 
way cm-dlmunication facilities shall be 
maintained in good operating condi- 
tion at all times. In the event of any 
failure in the systern that results in 
loss of communication, repairs shall be 
started immediately, and the system 
restored to operating conditian as soon 
as possible. 
138 FR 29999, Oct. 31. 19731 

§ 75.1713--2 Emergency co~mmunications; 
requirements. 

ta) Each operator of an underground 
coal mine shall est~,blish and maintain 
a communication system from the 
mine to the nearest point of medical 
assistance for use in an emergency. 

t b The emergency cornmunication 
system required to be maintained 
under paragraph (a) of this $75.1713-2 
may be established by telephone or 
radio transmission or by any other 
means of prompt cornmunication to 
any facility (for example, the local 
sheriff, the State highway patrol, or 
local hospitd) which has available the 
means of cormunication with the 
person or persons providing emergen- 
cy medical assistance or transporta- 
tion in accordai~ce with the provisions 
of $ 75.1713-1. 



APPENDIX C.--EQUIPMENT SUPPLIERS 

Pager  Phones (And Assoc ia ted  Equipment) 

Appalachian E l e c t r o n i c s  
801 West Monroe Ave. 
Roncever te ,  WV 24970 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

CSE Mine S e r v i c e  Co. 
600 Seco Rd. 
Monroev i l l e ,  PA 15146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

FEMCO (See Nat iona l  Mine S e r v i c e  Co.) 

Gai-Tronics Corp. 
P.O. Box 31-T 
Reading,  PA 19603 

H a r r i s o n  K. Cooper Systems, Inc .  
AME Box 22014 
S a l t  Lake C i t y ,  UT 84122 

JABCO (See Schroeder  Bro thers  Corp.) 

Mine S a f e t y  Appl iances  Co. 
600 Penn Cente r  Blvd. 
P i t t s b u r g h ,  PA 15235 

N a t i o n a l  Mine S e r v i c e  Co. 
4900/600 Grant S t .  
P i t t s b u r g h ,  PA 15219 

~ r e i s e r / M i n e c o  
Jones  & O l i v e r  S t s .  
S t .  Albans ,  WV 25177 

Pyott-Bonne, Inc .  
P.O. Box 809 
TazewelL, VA 24651 

Winster  Engineer ing Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire  
United Kingdom 

C a r r i e r  Phones 

American Mine Research,  Inc .  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

CSE Mine S e r v i c e  Co. 
600 Seco Rd. 
Monroevi l le  , PA 15 146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

FEMCO (See Nat iona l  Mine S e r v i c e  Co. ) 

H a r r i s o n  R. Cooper Systems, Inc.  
AMF Box 22014 
S a l t  Lake, UT 84122 

Mine S a f e t y  Appliances Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat iona l  Mine S e r v i c e  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Hois t  Communications 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

Schroeder  B r o t h e r s  Corp. 
Nicho l  Ave. 
Box 72 
McKees Rocks, PA 15136 



FEMCO (See Nat iona l  Mine Serv ice  Co.) 

Har r i son  R. Cooper Systems, Inc. 
AMF Box 22014 
S a l t  Lake C i t y ,  UT 84122 

Mine Sa fe ty  Appliances Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat iona l  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Republic Wire and Cable 
P.O. Box 352 
F lush ing ,  NY 11352 

Winster  Engineer ing Ltd. 
Manners Ave. 
I l k e s  t on ,  Derbyshire 
United Kingdom 

PABX and Mul t ip lex  Equipment 

Anaconda Telecommunications 
305 North Muller 
Anaheim, CA 92801 

Essex Group 
800 East  Ga r f i e ld  Ave. 
Decatur ,  IL 62525 

Executone, Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

Phelps  Dodge Communication Co. 
5 Corporate Park D r .  
White P l a i n s ,  NY 10604 

Pulsecom Div. 
Harvey Hubbell ,  Inc. 
5714 Columbia Pike 
F a l l s  Church, VA 22041 

R e l i a b l e  E l e c t r i c  Co. 
11333 West Addison 
F rank l in  Park,  I L  60131 

TI1  I n d u s t r i e s ,  Inc. 
100 North Strong Ave. 
L indenhurs t ,  NY 11757 

Wins t:er Engineering Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Intercoms 

ComTrol Corp. 
500 Penna. Ave. 
I rw in ,  PA 15642 

Executone , Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

FEMCO (See Nat ional  Mine Serv ice  Co . ) . 
Mine Safe ty  Appliances Co. 
600 I?enn Center Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat ional  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Wins t e r  Engineering Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Radio Pocket Pagers 

Executone, Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

FEMCO (See Nat ional  Mine 
Serv ice  Co.) 

General E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

Nat ional  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Leaky Feeder Equi~ment  

Andrew Corp. 
10500 West 153d St.  
Orland Park,  IL 60462 



Wins te r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

FEMCO (See Na t iona l  Mine S e r v i c e  Co.) 
Mobile Radio Equipment 

Fai rmont  Supply Co. 
Box 501 
Washington,  PA 15301 

Genera l  E l e c t r i c  Co., Mobile 
Radio  Dept. 

P.O. Box 4197 
Lynchburg, VA 24502 

Motorola  Communications & E l e c t r o n i c s  
1301 E a s t  Algonquin Rd. 
Schaumburg, IL 60196 

Lee Eng ineer ing  
2025 West Wisconsin Ave. 
Milwaukee, W I  53201 

Phe lps  Dodge Communication Co. 
5 Corpora te  Park D r .  
White P l a i n s ,  NY 10604 

Wins te r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

Closed C i r c u i t  T e l e v i s i o n  

Midwest Telecommunications Div., 
Midwest Corp. 
300 T F i r s t  Ave. 
N i t r o ,  WV 25143 

W i n s t e r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

Remote C o n t r o l  and Monitor Equipment 

American Mine Research,  Inc .  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

BIF Accu te l  Inc .  
1339 Lawrence D r .  
Newbury P a r k ,  CA 91320 

General  E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

General  Equipment & Manufactur ing 
CO. ,  Inc .  

3300 Fern Va l l ey  Rd. 
P.O. Box 13226 
L o u i s v i l l e ,  KY 40213 

Mag-Con, Inc.  
1626 Ter race  D r .  
S t .  P a u l ,  MN 55113 

Mine S a f e t y  Appl iances  Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

N a t i o n a l  Mine S e r v i c e  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

N o t i f i e r  of Western Penn. Inc .  
3460 Babcock Blvd. 
P i t t s b u r g h ,  PA 15237 

Pace Transducer  Co. , Div. of 
C. J. E n t e r p r i s e s  

P.O. Box 834 
Tarzana,  CA 91356 

Pulsecom Div. 
Harvey Hubbel l ,  Inc.  
5714 Columbia P ike  
F a l l s  Church, VA 22041 

Pyo t t -Bonne , I n c  . 
P.O. Box 809 
Taxewel l ,  VA 24651 

RFL I n d u s t r i e s ,  Inc.  
Boonton, N J  07005 

Stevens  I n t e r n a t i o n a l  Inc.  
P.O. Box 619 
Kennett  Square ,  PA 19348 



Winster Engineer ing Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Environmental Sensors 

Methane : 

Mine Sa fe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Nat iona l  Mine Serv ice  Co. 
300 Koppers Bldg. 
P i t t s b u r g h ,  PA 15216 

Bacharach Instrument  Co. 
625 Alpha D r .  
P i t t s b u r g h ,  PA 15238 

CSE Mine Serv ice  Co. 
2000 Eldo Rd. 
Monroevi l le ,  PA 15146 

~ r e i s e r / M i n e c o  
Jones  and Ol iver  S t s .  
S t .  Albans, WV 25177 

Appalachian E l e c t r o n i c s  Inst ruments  
810 West Monroe Ave. 
Ronceverte,  VA 24970 

American Mine Research, Inc.  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

Ed.mont -Wilson 
1300 Walnut St .  
Colshocton, OH 43812 

Mine Sa fe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Su.rvivair  Div. of U.S. Divers 
3323 West Warner Ave. 
Sa.nta Ana, CA 91776 

Te.ledyne Ana ly t i ca l  Inst ruments  
333 West Mission 
San Gabr i e l ,  CA 91776 

Oxidles of n i t r ogen :  

Energe t ics  Sciences 
85 Executive Blvd. 
El.msford, NY 10523 

Air flow sensors :  

Al.nor Instrument Co. 
7301 North Caldwell Ave. 
N i l e s ,  IL 60648 

J-.Tee Assoc i a t e s ,  Inc.  
31.7 Seventh Ave. SE 
Cedar Rapids,  I A  5240 1 

Taiylor Instrument 
Co~nsumer Products Div. 
Arden, NC 28704 

Atmospheric p r e s su re  : 
Carbon monoxide: 

Mine Sa fe ty  Appliances 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Energe t ics  Sciences  
85  Executive Blvd. 
Elmsford, NY 10523 

Oxygen : 

Pace Transducer Co. , Div. of 
C. J. En te rp r i s e s  

P.O. Box 834 
Talrzana, CA 91356 

Le!eds and Northrup Co. 
Dept. MI337 
North Wales, PA 19454 

Beckman Instruments  Inc.  
3900 River Rd. 
S c h i l l e r  Park,  IL 60176 



Seismic Equipment 

Pace Transducer Co. , Div. of 
C .  J. En te rp r i s e s  

Pa 0. Box 834 
Tarzana, CA 91356 

Consul tan ts  

Arthur  D. L i t t l e ,  Inc. 
25 Acorn Park 
Cambridge, MA 02140 

Advance Mining Serv ices  
616 Beat ty  RD. I n d u s t r i a l  Court 
Monroeville,  PA 15146 

ComTrol Corp. 
500 Penna. Ave. 
I rw in ,  PA 15642 

CSE Mine Service Co. 
600 Seco Rd. 
Monroevi l le ,  PA 15146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

General E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

Midwest Telecommunications Div., 
Midwest Corp. 

300 T F i r s t  Ave. 
N i t r o ,  WV 25143 

Mineral  Serv ices  Inc. 
1276 West Third St. 
Cleveland,  OH 44113 

Nat iona l  Coal Board 
Mining Research and Development 

Establ ishment  
Stanhope Bretby 
Burton Upon Trent  DEISOQD 
United Kingdom 

Nat iona l  Mine Service Co. 
4900/600 Grant St. 
P i t t s b u r g h ,  PA 15219 

Pyo t t -Bonne , Inc . 
P.O. Box 809 
Tazewell ,  VA 24651 

Corm Resources 
2857 Mount Vernon SE 
Cedar Rapids, I A  52403 

U.S. Bureau of Mines 
4800 Forbes Avenue 
P i t t sbu rgh ,  PA 15213 

Winster Engineering Ltd . 
Manners Avenue 
I l k e s t o n ,  Derbyshire 
United Kingdom 

F i r e  Detect ion Devices 

ADT Co. , Inc. 
155 S ix th  Ave. 
New York, NY 10013 

The Ansul Co. 
One Stanton St.  
Mar ine t te ,  W I  54143 

B. & B. E l e c t r i c  Manufacturing Co. 
Seward, PA 15954 

Gammaf l e x  Corp. 
821 Michael Faraday D r .  
Reston, VA 22070 

JABCO 
Schroeder Brothers  Corp. 
P.O. Box 72 
Nichol Ave. 
McKees Rocks, PA 15136 

McJunkin Corp. 
P.0. Boc 2473 
1400 Hansford St.  
Char les ton ,  WV 25311 

Mine Safe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t sbu rgh ,  PA 15203 

Nat ional  Mine Service Co. 
3000 Koppers Bldg. 
436 Seventh Ave. 
P i t t s b u r g h ,  PA 15219 



N o t i f i e r  of Western Pennsylvania  
3283 Babcock Blvd. 
P i t t s b u r g h ,  PA 15237 

P r i e s e r  
Jones  and O l i v e r  S t s .  
S t .  Albans,  WV 25177 

Pyott-Boone, Inc .  
P.O. Box 809 
Tazewel l ,  VA 24651 

Southern Engineer ing  and Equipment Co. 
P.O. Drawer 329 
95  Third  S t . ,  NE 
G r a y s v i l l e ,  AL 35073 

Figure-8 Communication Cable 

Delphi  Wire & Cable 
700 Carpen te r s  Cross ing  
F o l c r o f t ,  PA 19032 

Generisl Cabie Corp. 
600 Reed Rd. 
Broomisll, PA 19008 

I n d u s t r i a l  Component Inc .  
342 Misdison Ave. 
S u i t e  702 
New York, NY 10017 

Okonite Co. 
100 H i l l t o p  Rd. 
Ramsey, N J  07446 



APPENDIX I). --GLOSSARY QF TERMS 

Analog 

Angst rom 

AM 

Attenuation 

Balance point 

Bandwidth 

Baseband 

Binary 

Bridge 

CATV 

Characteristic 
impedance 

co 

Cross talk 

dB 

A method of generating or transmitting information that is repl-e-- 
sented by a continuous (as opposed to digital) voltage or current 
that is proportional to the information. 

A unit of length. Usually used to measure the wavelength of light 
or other radiation. One angstrom is equal to one hundred-millionth 
of a centimeter. 

Abbreviation for "amplitude modulation." Nodulation in which the 
amplitude of the informati.on waveform modulates the amplitude of a 
carrier wave. 

The decrease in signal strength during its transmission from one 
point to another. Attenuation is usually expressed in decibels. 

In ar: electronic bridge circuit, the point at which the electrical 
resistances in both branches of the network are the same. 

The difference (in cycles per second) between the highest and lowest 
frequency components required for the adequate transmission of 
inf ormation. 

The original frequency band (before modulation) of a signal. Usu- 
ally refers to the baseband of an audio or voice signal, which is 
approximately 300 to 5,000 Hz. 

A digital numbering system with the base 2. In a binary system 
there are only two possibilities For each digit, selection, choice, 
or condition. For example, a simple switch is a binary device since 
it is either open or closed. 

An electrical bridge circuit is a network arranged so that voltage 
or current in one branch of the circuit may be measured by adjusting 
components in another branch of the circuit. 

Abbreviation for "community antenna television," commonly known as 
cable television. 

Pertaining to transmission lines. For a uniform and infinitely long 
line, it is the ratio of applied voltage to current induced at a 
given frequency. It is measured in ohms and usually designated as 
Zo. For maximum signal transfer, the Zo of a line should equal the 
Zo of a source and load. 

Abbreviation for "central office." Refers to the telephone com- 
pany's central office. 

Cross-coupling or interference between speech channels or wire 
pairs. 

Abbreviation of "decibel," a unit that represents the ratio between 
two amounts of power on a logarithmic scale. A value of + 3  dB in- 
dicates a doubling of power, while -3 dB is a halving of power. 



The normal s i g n a l  l e v e l  i n  a  pager phone i s  about 1  m i l l i w a t t  
(1 mW). The d e s i g n a t i o n  0 dBm is  used t o  i n d i c a t e  t h i s  l-mW r e f e r -  
ence  l e v e l .  Thus, + 3  dBm i s  3 dB above t h e  r e f e r e n c e  (2 mW) and 
- 3  dBm i s  3 dB below t h e  r e f e r e n c e  (0.5 mW). 

Uemodulatf.on A device  t h a t  r e c e i v e s  a  c a r r i e r  wave and r ecove r s  o r  " r econs t ruc t s "  
t h e  o r i g i n a l  vo i ce  o r  informat io-n s t g n a l  f som t h e  c a r r i e r  wave. 

DTMF Abbreviat ion f o r  "dual-tone multifrequency." A phone s i g n a l i n g  
method i n  which each  d i g i t  dialeld i s  converted t o  a  dual-tone s i g n a l  
t h a t  w i l l  be recognized by t h e  te lephone o f f i c e  o r  PABX swi tch ing  
equipment. These c o n t r o l  tones  can be heard  i n  t h e  e a r p i e c e  when 
d i a l i n g  on many pushbut ton phones. 

Electromagnet ic  Jhving both e l e c t r i c  and magnetic p r o p e r t i e s .  

Encoder 

FDM 

Feedback 

FM 

Geophone 

A u n i t  t h a t  produces coded outlput combj.nations depending upon t h e  
s p e c i f i c  i n p u t  sel -ected.  

Abbreviat ion f o r  "frequency-divis ion mul t ip lex ing .  " A process  i n  
which two o r  more s i g n a l s  a r e  s e n t  over  a  common pa th  by sending 
each  one i n  a  d i f f e r e n t  f requency band. 

I n  a  t r ansmis s ion  system, o r  e l e c t r i c a l  dev i ce ,  t h e  r e t u r n i n g  of a  
f r a c t i o n  of t h e  ou tpu t  s i g n a l  t o  t h e  i npu t .  

Abbreviat ion f o r  "frequency modulation. " Modulation i n  which t h e  
ampli tude of t h e  in format ion  waveform modulates t h e  frequency of a  
c a r r i e r  s i g n a l .  

Abbreviat ion f o r  "f requency-shif t keying. " A form of FM i n  which a  
b ina ry  code i s  t r a n s m i t t e d  by sw~!tching a c a r r i e r  s i g n a l  between two 
dj-f f e r e n t  f r equenc i e s .  

A dev ice  used t o  d e t e c t  s e i smic  v i b r a t i o n s  o r  shockwaves i n  t h e  
e a r t h .  

H a l l  e f f e c t  In  a  c.onductor l o c a t e d  i n  a  magnetic f i e l d  t h a t  i s  perpendicu la r  t o  
t h e  d i r e c t i o n  of c u r r e n t ,  t h e  produc t ion  of a  vo l t age  perpendicu la r  
t o  bo th  t h e  c u r r e n t  and t h e  magnetic f i e l d .  

Handset 

Headset. 

Hybrid 

Hz 

Impedance 

A r ece ive r - t  ransmi t t e r  h e l d  by hand. 

A r e c e i v e r - t r a n s m i t t e r  t h a t  can be a t t a c h e d  t o  t h e  person t o  a l low 
"hands-f xee" opera t ion .  

A c i r c u i t  o r  commr~nicat~.ons system t h a t  i s  made up of two o r  more 
d i s s i m i l a r  systems, 

Abbreviat ion f o r  Hertz .  A u n i t  of frequency equa l  t o  1  cyc l e  pe r  
second. 

The t o t a l  oppos i t t on  ( r eac t ance  p l u s  r e s i s t a n c e )  t h a t  a  c i r c u i t  o r  
transmisa3-on I t n e  offers t o  t h e  flow of e l e c t r i c a l  cu r r en t .  



Induc t i ve ly  
coupled 

J o u l e  h e a t i n g  

Leaky f e e d e r  

LED 

Magnetic f i e l d  

Magneto 

Mill iammeter 

Modem 

Modulator 

Monochromatic 

Mult iplexed 

PABX 

PAM 

P a r a s i t i c  
coupl ing  

PBX 

PCM 

Method of induc ing  a  s i g n a l  i n t o  one conductor o r  wi re  from ano the r  
conductor even though t h e r e  may be no mechanical connect ion between 
t h e  two conductors.  (The magnetic f i e l d  s e t  up i n  t h e  space  around 
a  conductor c a r r y i n g  a l t e r n a t i n g  c u r r e n t  w i l l  induce a  s i g n a l  i n  
o t h e r  nearby conductors . )  

I n  an  e l e c t r i c a l  c i r c u i t ,  t h e  hea t  produced by t h e  flow of c u r r e n t  
i n  t h e  c i r c u i t .  

A s p e c i a l l y  designed c o a x i a l  c ab l e  t h a t  a l lows  r a d i o  s i g n a l s  t o  l e ak  
i n t o  o r  o u t  of t h e  cab l e  s o  t h a t  they may be picked up by r ad io  
t r a n s c e i v e r s .  

Abbreviat ion f o r  " l i gh t - emi t t i ng  diode." A s o l i d  s t a t e  e l e c t r o n i c  
dev i ce  t h a t  emi t s  l i g h t  when a  c u r r e n t  f lows through it. 

The reg ion  sur rounding  a  magnet o r  a  conductor through which c u r r e n t  
i s  flowing. 

An a c  gene ra to r  f o r  producing r i n g i n g  s i g n a l s .  

An e l e c t r i c  c u r r e n t  meter c a l i b r a t e d  i n  mil l iamperes .  

A dev ice  t h a t  i s  both a  modulator and a  demodulator. A modem i s  a  
two-way dev ice  t h a t  both modulates ( t r a n s m i t s )  and r e c e i v e s  (demodu- 
l a t e s )  a  s i g n a l .  

A dev ice  t h a t  modulates a  vo ice  o r  in format ion  s i g n a l  and t r a n s m i t s  
t h e  r e s u l t i n g  c a r r i e r  wave. 

A s i g n a l  o r  beam of l i g h t  c o n s i s t i n g  of a  s i n g l e  wavelength o r  of a 
very smal l  range of wavelengths. 

The s imultaneous t ransmiss ion  of two o r  more s i g n a l s  u s ing  a  s i n g l e  
t r ansmis s ion  pa th  o r  wire.  

Abbreviat ion f o r  " p r i v a t e  au tomat ic  branch exchange." A p r i v a t e  
branch exchange i n  which au toma t i ca l l y  c o n t r o l l e d  swi tches  make con- 
n e c t i o n s  between t h e  phones i n  t h e  system. 

Abbreviat ion f o r  "pu lse  ampli tude modulation." Modulation i n  which - 

t h e  va lue  o r  ampli tude of each sample of t h e  in format ion  waveform 
modulates t h e  ampli tude of a  pu l s e  c a r r i e r .  

The coupl ing  of r a d i o  waves .or e l e c t r i c a l  s i g n a l s  from one w i r e  o r  
medium t o  ano the r  w i t h  t h e  r e s u l t  t h a t  t h e  s i g n a l  s t r e n g t h  i n  t h e  
f i r s t  conductor  i s  decreased.  

Abbreviat ion f o r  " p r i v a t e  branch exchange." A p r i v a t e  manual t e l e -  
phone exchange r e q u i r i n g  a n  ope ra to r  a t  a  switchboard t o  make con- 
n e c t i o n s  between t h e  phones. 

Abbreviat ion f o r  "pu lse  coded modulation." Modulation i n  which t h e  
va lue  o r  ampli tude of each sample of t h e  in format ion  waveform i s  
q u a n t i t i z e d  and t r a n s m i t t e d  a s  a  d i g i t a l  b inary  code. 



Abbreviat ion f o r  "pulse  du ra t i on  modulation." Modulation i n  which 
t h e  value o r  amplitude of each sample of t he  information waveform 
modulates t h e  du ra t i on ,  o r  "width," of a  pulse .  

P i e z o e l e c t r i c  The proper ty  of c e r t a i n  c r y s t a h  o r  m a t e r i a l s  t h a t  produce a  vo l tage  
when subjec ted  t o  mechanical st:ress. 

Potent iometer  An electromechanical  device with a  s l i d i n g  con tac t  on a  r e s i s t o r .  
Movement of t h e  s l i d i n g  con tac t  changes t h e  e l e c t r i c a l  r e s i s t a n c e  of 
t h e  c i r c u i t  and al lows t h e  e1ec:tronics t o  sense  t he  p o s i t i o n  of t h e  
s l i d i n g  contac t .  

PPM 

Propagat ion 

P SK 

Reactance 

RFI 

Reluctance 

Repeater  

Res is tance  

Resonate 

Simplex 

Abbreviat ion f o r  "pulse  p o s i t i o n  modulation. " Modulation i n  which 
t h e  va lue  o r  amplitude of each sample of t h e  information waveform 
modulates t he  p o s i t i o n  i n  t ime of a  pulse .  

The t r a v e l  of e lec t romagnet ic  ( r a d i o )  o r  sound waves through a  
medium. 

Abbreviation f o r  "phase s h i f t  keying." A form of FM i n  which a  
b ina ry  code is  t r ansmi t t ed  by s h i f t i n g  t h e  phase of a  c a r r i e r  
s igna l .  

The "Q" of an a c  c i r c u i t  is  t h ~ e  r a t i o  of i t s  reac tance  t o  i t s  re- 
s i s t a n c e .  The vo l t age  developed ac ros s  t h e  reac tance  i s  usable  s ig-  
n a l ,  but  t h e  vo l tage  developed ac ros s  t h e  r e s i s t a n c e  s u b t r a c t s  
from t h e  s igna l .  Thus, a  high Q i n d i c a t e s  an e f f i c i e n t ,  low-loss 
a c  c i r c u i t .  

The oppos i t ion  t o  t h e  flow of a l l t e rna t ing  cu r r en t  ( ac ) .  Capac i t ive  
r eac t ance  (Xc) is  t h e  oppos i t ion  o f f e r ed  by c a p a c i t o r s ,  and induc- 
t i v e  reac tance  (XL) is t h e  oplposition o f f e r ed  by a  c o i l  o r  o the r  
inductance.  

Abbreviat ion f o r  radiofrequency. Any frequency a t  which electromag- 
n e t i c  r a d i a t i o n  of energy ( r a d i o  waves) is  poss ib le .  

Radio frequency in t e r f e r ence .  

The r e s i s t a n c e  of a  magnetic path t o  t h e  flow of magnetic l i n e  of 
fo rce .  Aluminum has a  high r e luc t ance ;  i r o n  has a  low re luc tance .  

A dev ice  t h a t  d e t e c t s  o r  r ece ives  a  s i g n a l  and rebroadcas t s  t he  same 
s igna l .  

The oppos i t ion  t o  t h e  flow of d i r e c t  cu r r en t  (dc) .  The u n i t  of re- 
s i s t a n c e  . i s  t h e  ohm. 

To b r ing  t o  resonance; t o  tone. 

A communication system, o r  o t h e r  device,  t h a t  opera tes  i n  only one 
d i r e c t i o n  ( e i t h e r  t ransmi t  o r  r ece ive )  a t  a  time. 
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Sine wave The wave form corresponding to a pure, single-frequency 
oscillation. 

Abbreviation for "standing wave ratio." On a transmission line or 
antenna element the current and voltage set up by waves traveling in 
the opposite direction are characterized by the presence of a number 
of stationary maximum and minimum points in the distribution curve. 
SWR is the ratio of the maximum to minimum current or voltage of 
these stationary waves. 

Synchronize To maintain one operation (or signal) in step with another. 

Abbreviation for "time-division multiplexing." A process by which 
two or more channels of information are transmitted over the same 
link by allocating a different time interval for the transmission of 
each channel. 

Transducer A device that converts energy from one form to another. A seismic 
transducer, for instance, converts seismic shock waves into elec- 
trical signals. 

Transceiver A device that is both a transmitter and a receiver. A two-way CB 
radio is a transceiver. 

Tuned voltmeter A voltmeter that has been tuned to detect voltage levels or signal 
strengths at specific frequencies. 

UHF Ultra high frequency , 300 to 3,000 MHz 

Ultrasonic Having a frequency above that of audible sound. 

VHF 

Vortex 

Waveguide 

Abbreviation for voice frequency (same as audio frequency). The 
frequencies corresponding to speech or other audible sound wave. 

Very high frequency, 30 to 300 MHz. 

A whirlpool or eddy caused by a fluid or gas movi.ng past an 
obstruction. 

A hollow, round or rectangular pipe (or tunnel), used as a trans- 
mission line for signaling. 




